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North  Interior  Building 

Washington 

February  10,  1938. 
Mr.  Frederic  A.  Delano, 

Chairman,  Advisory  Committee, 
National  Resources  Commiitee, 

Washington,  D.  C. 
My  Dear  Mr.  Delano: 

We  are  transmitting  herewith  a  report  on  constructing  "Patterns  of  Resource  Use," 
prepared  by  Dr.  Gardiner  C.  Means  and  the  Industrial  Section.  Our  Industrial  Com- 
mittee has  conferred  with  Doctor  Means  as  this  report  has  been  developed,  and  we 
beUeve  that  this  type  of  approach  may  have  great  value  as  additional  background  in  the 
development  of  national  policy  in  respect  to  the  use  of  resources. 

We  recommend  that  the  report  be  circulated,  confidentiallj-,  for  criticism  among 
economists,  statisticians,  and  other  specialists,  so  that  such  criticism  may  be  available 
to  this  Committee  before  it  is  published  for  general  circulation.  We  recognize  that  this 
is  a  new  field  of  investigation,  and  present  these  initial  results  with  fuU  appreciation  of 
their  incompleteness  and  the  possibility  of  a  variety  of  uiterpretations  as  to  then-  mean- 
ing and  significance.  We  hope  that  further  analysis  and  public  discussion  will  clarify 
and  augment  the  usefulness  of  this  report. 
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Thos.  C.  Blaisdell,  Jr. 
Lauchlix  Currie 
Gardiner  C.  Means 


Sincerely  j'ours, 


Leon  Henderson 
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Harry  D.  White 
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NATIONAL  RESOURCES  COMMITTEE 

NORTH   INTERIOR   BUILDING 

WASHINGTON 


March  4,  1939 


The  attached  technical  report  on  Patterns  of  Resource 
Use  has  been  printed  in  a  preliminary  edition  for  technical 
criticism.  The  National  Resources  Committee  has  authorized 
this  preliminary  publication  of  the  report,  because  it  sug- 
gests new  and  potentially  significant  methods  of  study  and 
analysis  of  major  economic  problems.  It  is  the  desire  of  the 
Advisory  Committee  to  receive  criticism  and  suggestions  con- 
cerning the  document  so  that  they  may  be  considered  in  any 
revision  of  the  report  and  in  connection  v/ith  related  work  of 
the  Industrial  Committee. 

An  earlier  draft  of  the  report  was  circulated  to  a  small 
number  of  economists,  statisticians  and  other  specialists  as 
recommended  by  the  Industrial  Committee  in  February  1938. 
The  resulting  suggestions  were  considered  in  revising  the  re- 
port to  the  form  now  presented  for  more  widespread  technical 
discussion.  Your  comments  on  the  report  would  be  appreciated 
before  October  1. 

Sincerely  yours. 
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Frederic  A.  Delano 
Chairman,  Advisory  Committee 
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I.    INTRODUCTION 


Under  prevailing  technical  comlitions,  what  is  the 
level  of  economic  activity  wliich  would  absorb  practi- 
cally all  of  the  great  army  of  unemployed?  What  would 
be  the  market  for  commodities  and  services,  industry 
by  industry,  at  such  a  level?  Is  it  possible  to  lay  a 
foundation  for  answering  these  questions  through  the 
discovery  of  continuing  relationships  between  such 
factors  as  employment,  production,  and  consumer  in- 
come? On  the  basis  of  such  relationships  can  coherent 
patterns  of  resource  use  be  developed  which  would  show 
for  the  different  parts  of  the  national  economy  the 
volume  of  production  and  employment  most  likely  to 
arise  at  any  given  level  of  national  activity?  These  are 
the  questions  to  which  this  report  is  addressed. 

Any  inspection  of  the  detailed  operations  of  the 
American  economy  reveals  a  constant  state  of  flux. 
Tremendous  changes  in  production  and  in  prices  take 
place  even  in  very  short  spans  of  time.  The  whole 
level  of  production  and  of  price  can  rise  or  fall  while 
cross-currents  of  change  can  lift  one  industry  and  lower 
another.  Over  longer  periods  of  time,  totally  new  in- 
dustries emerge,  while  old  established  industries  dis- 
appear. New  methods  of  production  arise  and  destroy 
the  value  of  displaced  equipment  and  new  wants  call 
for  new  types  of  productive  activity.  The  business 
man  is  constantly  being  called  on  to  adjust  to  rapid 
changes  in  his  market,  his  sources  of  raw  material,  and 
in  the  prevailing  practices  of  business.  Constant 
change  seems  to  be  inherent  in  the  economic  process. 

Yet  underlying  this  constantly  changing  activity 
there  appear  to  be  economic  relationships  of  a  continu- 
ing character.  Specific  changes  do  not  occur  inde- 
pendently of  all  others.  In  the  highly  complex  struc- 
ture of  modem  industry,  changes  of  activity  in  the 
different  parts  are  necessarily  interrelated  to  a  greater 
or  less  extent.  The  system  of  interrelationsliips  among 
such  changes  constitutes  the  basic  economic  framework 
which  conditions  and  limits  specific  economic  activity. 

This  report  is  concerned  with  the  characteristics  of 
this  basic  economic  framework.  It  presents  evidence 
that  continuing  economic  relationships  do  exist;  it  indi- 
cates techniques  for  discovering  these  economic  con- 
tinuities; it  shows  how  these  continuities  can  be  used  as 
a  basis  for  developing  coherent  patterns  of  resource  use 
which  are  consistent  with  the  basic  economic  frame- 
work; and  finally,  it  presents  the  results  of  an  initial 
attempt  to  construct  such  patterns. 

The  main  purpose  of  tliis  report  is  to  indicate  the 
value  of  discovering  the  underlying  continuities  and  to 
suggest  that  it  warrants  persistent  efforts  to  measure 


these  continuities  more  precisely  than  has  been  possible 
in  coimection  with  this  report.  Little  more  has  been 
attempted  than  to  show  the  usefulness  of  starting  with 
an  over-all  view  of  economic  activity,  breaking  down 
this  activity  into  its  separate  components,  and  applying 
techniques  of  analysis  which  are  suggestive  of  the 
methods  by  wliich  underlying  continuities  can  be  meas- 
ured. Yet  the  gross  results  arrived  at,  even  with  im- 
perfect techniques  and  with  faulty  and  inadequate 
data,  are  sufficiently  useful  to  point  the  direction  in 
wliicli  economic  development  is  probably  going  to  move. 
They  do  not  furnish  the  basis  for  forecasts,  but  they  do 
indicate  tlie  points  at  which  expansion  woidd  be  called 
for  if  productive  activity  were  to  increase.  They  indi- 
cate that  the  increased  expenditure  corresponding  to  an 
increase  from  60  to  90  billion  dollars  in  the  total  income 
received  by  consumers  would  call  for  virtually  no 
increase  in  the  number  of  persons  engaged  in  agriculture. 
It  would  necessitate  roughly  a  40  percent  increase  in 
manufactiuing  employment,  something  more  than  a 
50  percent  expansion  in  the  extraction  of  minerals, 
and  an  even  greater  increase  in  employment  on  the 
railroads. 

The  materials  contained  in  this  report  should  be  used 
with  great  care  since  they  are  of  an  initial  and  experi- 
mental character.  In  order  to  cover  the  whole  national 
economy  it  has  been  necessary  to  include  some  analyses 
which  are  far  from  satisfactory.  Their  inclusion  can 
only  be  justified  on  the  ground  that  it  would  be  impos- 
sible to  present  the  whole  if  any  significant  parts  were 
missing.  The  American  economy  has  been  divided 
into  81  industries  or  industry  groups  and,  as  a  first 
approximation,  continuing  relationships  have  been 
discovered  in  the  case  of  most  of  these  industrial  seg- 
ments. Many  of  these  analyses  probably  have  a  high 
degree  of  validity,  but  some  are  far  from  reliable  either 
because  of  inadequate  data  or  faulty  analysis.  It  is 
hoped  that  constructive  criticism  from  specialists  in 
each  line  may  lead  to  the  discovery  of  more  valid 
relationships. 

In  the  appraisal  of  the  tentative  patterns  of  resource 
use  which  are  presented  in  this  report,  it  should  be 
clearly  recognized  that  they  do  not  represent  operating 
programs.  They  lack  the  necessary  precision  and 
reliability  for  this  purpose.  Rather  they  constitute 
background  information  in  the  fight  of  which  individ- 
ual producers  or  industries  can  formulate  their  own 
operating  programs  and  assist  in  the  development  of 
more  effective  national  poUcy. 

It  should  further  be  recognized  that  these  patterns  of 
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resource  use  presuppose  no  radical  changes  in  the  ways 
of  doing  business,  in  the  factors  wliich  make  for  income 
distribution,  or  in  the  conditions  under  which  individ- 
uals spend  their  money.  The  calculations  assume 
that  the  techniques  of  production  and  distribution  in 
the  near  future  follow  much  the  same  course  of  gradual 
evolution  that  thej*  have  shown  in  the  past,  that  signi- 
ficant variations  in  income  distribution  arise  only  from 
secular  and  cj'clical  developments,  and  that  consumers 
continue  to  be  free  to  spend  their  money  as  they  choose. 
This  means  that  so  far  as  technology  is  concerned,  the 
patterns  set  forth  do  not  represent  ideal  use  of  resources 
but  only  the  use  that  is  likely  to  arise  in  the  immediate 
future  at  different  levels  of  economic  activity. 

Such  patterns  relate  only  to  one  of  the  desirable  con- 
ditions of  resource  use  which  might  be  considered, 
namely,  that  involving  full  employment  of  available 
manpower.  Since  the  patterns  actually  presented  in 
this  report  are  derived  from  data  on  economic  behavior 
in  an  unstable  economy,  it  is  probable  that  they  in  turn 
represent  unstable  conditions.  Likewise,  the  patterns 
presented  in  the  report  contain  implicit  in  them  the 
inefficiencies  in  the  present  economy  which  result  from 
the  failure  to  use  the  best  available  techniques,  from  the 
duphcation  of  effort,  and  from  competitive  wastes.  The 
more  desirable  objective  in  the  use  of  resources  would 
be  one  w^hich  involved  not  only  full,  but  stable  and 
efficient  use  of  resources. 

The  emphasis  on  full  use  of  manpower  to  the  exclu- 
sion of  the  problems  of  stabihty  and  efficiency  seems 
justified  both  on  practical  and  theoretical  grounds. 
Practically,  the  economy  is  today  so  far  from  using  its 
manpower  to  the  full  that  stabilization  at  current  levels 
of  production  would  be  undesirable.  Increases  in  pro- 
ductive efficiency  tend  to  aggravate  the  problem  of 
economic  adjustment  by  adding  technological  unem- 
ployment to  unemployment  arising  from  other  causes 
instead  of  expanding  the  total  volume  of  goods  and 
services  produced.  As  full  employment  is  approached, 
the  problems  of  economic  stabilization  at  a  high  level 
of  employment  and  of  increasing  productive  efficiency 
will  become  problems  of  the  first  order  of  importance. 
Futhermore,  the  development  of  patterns  of  resource 
use  related  to  full  employment  is  an  almost  necessary 
step  to  the  development  of  patterns  representing  full 
and  stable  use  of  resources.  An  analysis  of  the  former 
should  point  to  elements  of  instabilitj'  and  lead  to  the 
creation  of  patterns  representing  greater  stability.  The 
problem  of  increasing  efficiency  in  the  use  of  resources 


is  by  its  nature  one  for  slow  and  continuing  study  and 
action. 

The  patterns  developed  in  this  report  do  not  repre- 
sent forecasts  of  what  is  going  to  happen  in  the  future, 
they  only  attempt  to  set  forth  various  combinations  of 
happenings  which  are  consistent  with  each  other. 
Each  pattern  is  concerned  with  a  particular  level  of 
activity  and  aims  to  represent  the  consumption  and 
the  employment  in  each  major  industrj^  which  would 
be  consistent  with  activity  in  other  parts  of  the  econ- 
omy at  that  level.  A  pattern  of  resource  use  would 
be  obviously  inconsistent  if  it  showed  a  high  level  of 
automobile  production  and  a  negUgible  production  of 
steel  or  a  high  level  of  shoe  production  and  no  leather 
production.  Valid  patterns  must  show  not  only  a 
consistent  relation  between  the  production  of  such 
things  as  steel  and  automobiles  or  leather  and  shoes 
but  also  a  consistent  relation  between  such  apparently 
imrelated  items  as  shoe  production  and  automobile 
production  or  between  shoe  sales,  passenger  traffic  on 
the  railroads,  gasoline  consumption  and  school  attend- 
ance. Each  particular  pattern  thus  interrelates  activi- 
ties in  each  part  of  the  economy  with  activities  in  other 
parts. 

The  procedures  and  patterns  set  forth  in  this  report 
are  essentially  different  in  character  from  those  devel- 
oped in  other  pioneer  studies  in  this  field.  The  basic 
difference  betw^een  this  report  and  the  Brookings  Insti- 
tution Keports  on  America's  Capacity  to  Produce  and 
America's  Capacity  to  Consume  '  as  well  as  the 
Report  of  the  National  Survey  of  Potential  Product 
Capacity  ^  are  indicated  in  a  later  chapter.  At  this 
point  it  is  sufficient  to  point  out  that  the  findings  of 
the  several  studies  are  not  comparable  since  they  aim 
to  measure  different  things. 

As  the  validity  of  this  whole  report  rests  on  the  exist- 
ence of  essential  continuity  underlying  economic 
activity,  the  report  takes  up  first  evidences  of  the  exist- 
ence and  character  of  continuities  in  our  economy. 
It  then  shows  how  the  knowledge  of  continuities  can 
be  used  to  construct  patterns  of  resource  use.  And 
finally,  it  presents  a  series  of  crude  patterns  indicating 
the  level  of  activity,  industrj-  by  industry,  which  would 
be  consistent  with  different  levels  of  national  activity. 
Such  patterns  can  serve  as  additional  background  for 
the  development  of  national  policy. 

'  L«Ten,  Maurice;  Moulton,  Harold  G.;  and  Warburton,  Clark:  Amtrlca'i  Capac- 
il\/  to  Comume,  Brookings  Institution,  1934. 

>  New  York  Housing  Authority;  Report  of  the  National  Suntp  of  Pottntial  Produd 
Capacitii,  IMe. 


II.     EVIDENCES     OF     CONTINUITY 


The  construction  of  patterns  of  resource  use  depends,  plovnient  show  wide  thictuatious  from  year  to  year, 

as  has  already  been  inchcated,  upon  the  existence  of  Charts  I,  II,  and  III  reveal,  for  sample  industries,  the 

continuities  in  economic  behavior  underljnng  economic  irregular  ups   and   downs  during   the   past    15  years, 

activity.     At  first  glance,  examination  of  the  available  From  these  surface  data  the  conclusion  might  easily  be 

data  on  economic  activity  does  not  disclose  any  con-  drawn   that    there    are    no    continuities    in    economic 

siderable  degree  of  such  continuity.     In  nearly  every  behavior, 

industry,  indexes  of^production,  consmnption,  and  em-  Yet  a  more  careful  study  of  industrial  data  reveals 

CHART  I 

EXAMPLES   OF  VARIETY    IN   PRODUCTION    BEHAVIOR 
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relationships    which    indicate    very    real    continuity 
beneath  these  surface  changes.'     In  most  industries, 


I  Economic  continuity  may  be  said  to  exist  for  a  particular  category  of  economic 
behavior  such  as  the  buying  of  shoes  or  the  employment  of  workers  if,  in  this  category, 
the  economic  behavior  of  people  in  the  aggregate  is  a  simple  and  continuous  (imciion  of 
time  and  of  any  general  or  specific  factors  relevant  to  the  particular  category.  This 
means  that  for  such  an  item  as  shoe  consumption,  economic  continuity  is  present  if, 
(1)  shoe  consumption  remains  constant  or  changes  only  gradually  through  time  when 
the  relevant  factors  such  as  consumer  buying  power  and  price  remain  constant  or. 
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consumer  purchases  and  volume  of  employment  and  of 
production  are  each  found  to  bear  a  fairly  constant  and 
determinable  relationship  to  other  major  factors  either 

(2)  shoe  consumption  changes  to  a  degree  related  in  simple  fashion  to  the  change  in  the 
relevant  factors  including  time.  Just  what  constitute  the  relevant  factors  in  any 
particular  case  will  depend  on  the  particular  type  of  behavior  being  considered.  The 
condition  of  a  simple  and  continuous  function  is  met,  so  far  as  this  report  is  concerned, 
if  a  relationship  can  be  stated  by  a  formula  representing  an  arithmetical  combination 
of  straight  lines,  simple  exponential  curves  or  other  simple  curves  such  as  a  parabola. 


CHART   II 


EXAMPLES    OF  VARIETY    IN   CONSUMPTION   BEHAVIOR 
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in  the  particular  industry  or  in  the  economy  as  a  whole. 
In  each  case,  the  factors  which  are  of  major  significance 
have  to  be  separately  determined  industry  by  industry. 
The  relationships  of  consumption  or  employment  to 


other  factors  may  vary  from  a  simple  correspondence  to 
very  complex  interrelationships  changing  gradually 
through  time.  In  the  following  pages,  examples  of  con- 
tinuity in  euiployment  and  in  consumption  are  given, 
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ranging  from  the  very  simple  to  the  more  complex  and 
showing  the  existence  of  continuity  underlying  the  year 
to  year  fluctuations  in  economic  acti\nty. 

Continuity  in  Employment 
Relationships 

A  very  simple  case  of  continuity  is  to  be  found  in  the 
stable  relation  between  employment  in  retail  distribu- 
tion and  the  income  received  by  consumers  which  is 
available  either  to  be  spent  on  consumption  or  to  be 
saved.  This  is  shown  in  chart  IV  in  which  employment 
for  each  year  is  plotted  against  the  corresponding 
consumer  income.-  The  relation  between  the  two 
appears  to  be  unusually  simple,  having  remained  almost 
unchanged  from  1923  to  1932.  The  manpower  neces- 
sary to  distribute  commodities  which  corresponds  to  a 
given  level  of  consumer  income  appears  to  have  been 
nearly  constant.  This  relatively  stable  relationship 
between  employment  in  retail  trade  and  consumer 
income  is  approximated  by  the  line  AA'. 

Comparison  of  employment  in  retail  trade  and  con- 
sumer income  as  set  forth  in  the  chart  brings  out  a 
second  fact  of  significance,  namely,  that  the  relation 
between  them  has  not  been  a  direct  1-to-l  relation.  Em- 
ployment appears  to  have  increased  less  rapidly  than 
consumer  income  as  both  increased.  A  doubling  of 
consumer  income  would  have  corresponded  with  much 
less  than  a  doubling  of  employment  in  retail  trade 
within  the  range  of  observation  covered  by  the  chart. 
Thus,  it  is  possible  not  only  to  say  that  employment  in 
retail  trade  and  consumer  income  move  up  and  down 
together  but  to  indicate  the  exact  way  in  which  thcv  are 


>  Throughout  the  remainder  of  the  report,  tbe  term  "consumer  income"  will  be  used 
to  refer  to  the  real  new  buying  power  reoeived  by  consumers  as  income  in  the  time 
period  being  considered.  In  the  statistical  analyses,  the  figures  used  for  consumer 
income  are  obtained  by  taking  the  estimated  money  incomes  received  by  individuals 
eiclusive  of  transfers  and  adjusting  for  changes  in  cost  of  living.  The  resulting  index 
Is  necessarily  crude  but  is  practically  useful. 
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related  and  that  this  i-eliition  has  continued  to  be  con- 
stant tlxrough  an  appreciable  period  of  time. 

This  relation  remained  so  nearly  constant  tliroughout 
the  period  that  if  only  the  consumer  income  arising  in 
one  of  the  years  covered  were  known,  it  would  be  pos- 
sible to  calculate  approximately  the  volume  of  employ- 
ment in  retail  trade  which  would  correspond.  Thus,  if 
one  had  known  only  that  consumer  income  in  1923  was 
54.8  billion  dollars  (in  1936  dollars),  one  could  estimate 
the  retail  employment  in  that  year  by  reading  off  on  the 
chart  the  employment  corresponding  to  such  an  income 
as  indicated  by  the  line  AA'.  This  would  give  a  figure 
of  4,800,000  as  the  estimated  employment  in  retail  dis- 
tribution, an  estimate  within  5.6  percent  of  the  actual 
employment.  Yet  1923  was  the  year  in  which  the  rela- 
tion between  retail  employment  and  consumer  income 
was  most  out  of  line.  For  any  other  year  covered,  the 
error  in  making  such  an  estimate  would  have  been  less. 

Employment  in  the  cotton  textile  industry  presents  a 
somewhat  more  complex  case  of  underlying  continuity. 
In  this  case  the  continuity  involves  a  continuing  rate  of 
change  through  time.  There  is  a  clear  relation  between 
employment  and  production  in  tliis  industry  but  the 
relation  changes  through  time.  When  production  and 
employment  are  plotted,  as  in  the  iirst  panel  of  chart  V, 
only  a  rough  relation  between  the  two  is  apparent. 
However,  when  a  line  AA'  is  drawn  passing  through  the 
data  for  any  one  of  the  years  and  representing  roughly 
what  might  be  expected  to  be  the  relation  between 
different  levels  of  production  and  employment  in  that 
year,  examination  shows  at  once  that  the  data  for  other 
years  bear  a  fairh'  uniform  relation  to  that  line.  Thus, 
if  such  a  line  is  put  through  1926  the  data  for  all  except 
one  of  the  earlier  years  he  uniformly  above  it  and  those 
for  later  years  lie  below  it.  Also  the  tendency  is  for 
the  earliest  years  to  be  further  above  and  the  latest 
years  further  below  this  line.  The  fact  that  the  points 
for  successive  yeai^s  drop  in  relation  to  the  hne  AA' 
indicates  a  fairly  steady  decline  in  the  employment 
required  for  a  given  amount  of  production  in  successive 
years.  This  is  brought  out  in  the  second  panel  of  the 
chart  wluch  shows  for  successive  years  the  distance 
between  the  actual  data  for  each  year  as  plotted  in  the 
first  panel  and  the  line  AA'.  The  line  BB'  represents 
the  declining  trend.  In  this  case  the  two  factors,  volume 
of  production  and  a  time  trend,  in  combination  parallel 
most  of  the  variation  in  employment.  Continuity  shows 
itself  in  a  relation  between  production  and  employment 
which  changes  gradually,  but  smootlily,  through  time. 

A  formula  to  express  this  relation  between  production, 
employment,  and  time  can  be  worked  out  by  standard 
statistical  methods,  discussed  in  detail  in  the  appendix. 
The  relationships  found  by  tliis  method  are  represented 
by  lines  AA'  and  BB'  of  chart  V.  Since  it  would  take  a 
three-dimensional  figure  to  show  the  three-way  relation 
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between  production,  eniplo^nicnt,  ;uul  time,  tlie  cliart 
can  only  show  the  relation  between  two  of  the  items  at  a 
time  while  the  other  is  held  constant.  BB'  shows  the 
dechne  in  employment  which  presumably'  woidd  have 
occurred  if  production  had  been  maintained  constant 
throughout  the  period  at  the  level  of  1920  but  techno- 
logical improvement  had  occurred  at  the  rate  it  actually 
did.  AA'  shows  the  relation  between  employment  and 
production  for  a  single  year  in  time,  namely  192G. 

From  the  formula  or  from  the  lines  AA'  and  BB'  in 
combination,  it  is  possible  to  calculate  the  employment 
for  any  particular  year  if  oidy  the  production  for  that 
year  is  known.  The  tliird  j)anel  of  chart  V  sliows  the 
actual  employment  in  each  year  and  the  employment 
calculated  from  the  formida  on  the  basis  of  actual  pro- 
duction in  each  year.  It  can  be  seen  that  the  calculated 
figures  are  very  close  to  the  actual.  The  difference  be- 
tween the  actual  and  calculated  values  averages  less  than 
2.7  percent  of  the  average  emploj-ment  for  the  period. 
The  smallness  of  this  difference  shows  the  essential  con- 
tinuity in  this  underlying  relation  between  production, 
employment,  and  time  in  tlie  cotton  textile  industry. 

CHART    V 

COTTON    TEXTILES 

MANPOWER    AS    RELATED     TO    PRODUCTION    AND    A    TIME     TREND 

1920  -1932 


A  still  more  complex  case  is  to  be  found  in  the  mining 
of  bituminous  coal.  Here,  three  factors  beside  employ- 
ment are  involved — production,  time,  anil  the  average 
size  of  mine  operated.  These  three  items  in  combina- 
tion parallel  most  of  the  variation  in  employment. 
Again,  a  formula  can  be  derived  to  represent  the  rela- 
tion between  these  tlu-ee  items  and  employment. 
Chart  VI  shows  the  actual  employment  from  1918  to 
1934  and  the  em])loyment  calculated  from  such  a  for- 
mula by  introducing  the  actual  figures  for  production, 
year,  and  size  of  mine.  Again,  the  closeness  of  fit  bears 
evidence  pointing  toward  an  underlying  continuity  in 
relationship 

The  above  examples  have  been  selected  largely 
because  reliable  information  on  these  industries  is 
available.  For  many  other  industries,  if  not  the  bulk 
of  all  industries,  the  same  imderlying  continuity  exists, 
as  is  shown  by  the  many  examples  discussed  in  the 
next  chapter. 

In  respect  to  employment,  one  item  deserves  partic- 
ular consideration.  It  is  often  thought  that  improve- 
ments in  technology,  because  of  their  unpredictability, 
must  add  a  serious  element  of  discontinuity  in  the  rela- 
tion between  production  and  employment.  For  the 
individual  plant,  there  can  be  little  doubt  of  this  dis- 
continuity. A  newly  developed  technique  or  invention 
is  introduced  into  a  plant  and  perhaps  10  men  are 
suddenly  able  to  do  the  work  of  a  hundred,  so  that  there 
is  a  sudden  shift  in  the  relation  between  production  and 
employment.  But  for  industry  as  a  whole,  the  intro- 
duction   of    new    techniques    is    rarely    an    overnight 
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development.  More  likely,  a  single  enterprising  con- 
cern introduces  the  new  technique  on  a  commercial 
scale  in  a  single  plant.  A  year  or  more  of  adjustments 
and  testing  goes  on.  As  the  new  technique  proves 
successful,  it  is  gradually  adopted  in  other  plants  imtil 
at  the  end  of  a  decade  or  more  the  new  technique  has 
been  adopted  throughout  the  bulk  of  the  industry. 
Byproduct  coke  ovens  have  not  yet  displaced  all  of 
the  beehive  ovens,  yet  they  have  been  in  commercial 
operation  for  over  44  years.  The  first  successful  con- 
tinuous strip  rolling  mill  was  built  in  1926,  yet  50  per- 
cent of  the  1936  output  of  cold  rolled  wide  strip  and 
sheets  was  produced  by  the  much  less  efficient  hand 
mills  or  conventional  mills.  P^ven  within  the  individual 
plant,  there  is  usually  substantial  continuity  because 
technological  development  takes  place  machine  by 
machine  and  department  by  department,  and  because 
good  management  dictates  that  changes  should  be 
introduced  slowly  to  avoid  a  disruption  of  morale. 
Thus,  when  we  deal  with  the  figures  of  an  industry  as  a 
whole  and  often  for  single  enterprises,  new  techniques 
throw  their  shadows  before  them.  It  is  for  this  reason 
that  the  effect  of  mventions  can  be  reflected  for  an 
industry  as  a  whole  as  a  gradual  trend  of  increasing 
efficiency.  This  gradualness  in  the  adoption  of  new 
techniques  is  an  essential  element  in  the  continuity  of 
relationships  underlying  employment. 

Continuity  in  Consumption 
Relationships 

Once  it  is  recognized  that  the  impact  of  technical 
improvement  on  an  industry  as  a  whole  is  gradual,  it 
is  not  surprising  to  find  continuity  in  the  relations  be- 
tween employment,  production,  and  other  factors. 
However,  there  is  a  belief  on  the  part  of  many  analysts 
that  no  such  continuity  underlies  the  way  people  spend 
their  money.  The  ups  and  downs  of  sales  for  different 
commodities  and  the  unpredictability  of  the  expendi- 
ture of  individuals  has  led  many  to  believe  that,  for 
the  Nation  as  a  whole,  there  is  no  discoverable  con- 
tinuity underlying  consumption.  However,  analysis  of 
the  consumption  of  the  products  of  particular  industries 
seems  to  belie  this  idea.  For  industry  after  industry, 
an  essential  continuity  appears  to  underlie  consumption. 

In  order  to  see  this  situation  clearly,  it  is  necessary 
to  clear  away  certain  misleading  ideas  about  the  role 
of  price.  It  is  customary  to  consider  variation  in  con- 
sumption as  largely  dominated  by  price  and  to  expect 
that  price  variation  must  play  a  significant  role  in  ac- 
counting for  actual  variations  in  consumption.  AVhile 
this  appears  to  be  true  for  most  agricultural  products 
and  for  some  other  products,  it  does  not  appear  to  be 
true  for  the  bulk  of  industrial  products  in  the  post-war 
period.  For  a  great  number  of  items,  variation  in  price 
does  not  appear  to  be  the  most  significant  factor  in 


accoiuiting  for  variations  in  consumption.  Several  ele- 
ments enter  into  the  explanation  of  the  secondary 
significance  of  price. 

In  the  case  of  some  commodities  like  sulphur  and 
nickel,  practically  no  changes  in  price  have  occurred 
in  recent  years  so  that  actual  variation  in  consumption 
cannot  be  accounted  for  by  variation  in  money  price. 
However  great  the  change  in  consumption  might  have 
been  if  the  price  had  been  changed,  historically  no 
change  in  price  occinred,  and  therefore  there  was  no 
change  in  consumption  due  to  a  change  in  price. 

F'or  a  second  group  of  items  such  as  asphalt,  cement, 
brick,  and  pig  iron,  prices  in  recent  years  have  been 
relatively  stable  so  that  the  influence  of  price  changes 
on  consumption  has  been  of  secondary  importance  com- 
pared to  that  of  other  factors. 

For  a  third  group  of  commodities,  a  moderate  varia- 
tion in  price  appears  to  have  little  ofTect  on  consumption. 
Gasoline  is  an  outstanding  case.  Practically  as  much 
gasoline  will  be  used  at  16  cents  a  gallon  as  at  12  cents. 
The  other  costs  of  operating  an  automobile  are  suffi- 
ciently great  and  the  character  of  its  use  is  such  as  to 
make  an  extra  4  cents  per  gallon  a  secondary  considera- 
tion in  most  cases  of  automobile  use.  Thus,  while  a 
lower  price  for  gasoline  would  undoubtedly  increase  the 
consumption  of  gasoline,  the  increase  is  likely  to  be  of 
secondary  importance  within  the  range  of  gasoline  prices 
that  are  likelj'  to  arise.  Another  case  where  even  fairly 
wide  variations  in  price  are  of  secondary  importance  is 
that  of  tin.  The  major  use  of  tin  is  in  the  making  of 
tm  cans.  Yet  tin  is  a  secondarj'  element  in  the  cost 
of  tin  cans,  while  the  consumption  of  tin  cans  is  more 
influenced  by  the  ]>rice  of  fruits  and  other  foods  avail- 
able for  canning  than  by  the  price  of  cans.  As  a  result, 
the  consumption  of  tin  is  little  affected  by  variation  in 
its  price. 

In  the  case  of  another  large  group  of  items,  price 
changes  only  gradually  through  time,  steadily  increasing 
or  decreasing.  When  this  type  of  price  change  occurs, 
the  influence  of  price  change  is  likely  to  be  intermixed 
with  the  influence  of  other  factors  operating  through 
time.  A  trend  showing  changing  consumption  through 
time  may  thus  account  for  the  influence  of  a  variety  of 
factors  including  price. 

Finally,  there  is  a  large  group  of  items  which  show 
only  cyclical  changes  in  prices  or  cyclical  changes  com- 
bined with  a  trend  of  price  change.  For  such  items, 
the  cyclical  variation  in  price  parallels  the  variation 
in  consumer  buying  power  so  that  the  separate  influence 
of  each  of  the  two  factors  cannot  be  easily  disentangled. 

The  relative  stability  of  a  great  many  nonagricultural 
and  a  few  agricultural  prices  and  the  relatively  minor 
effect  of  price  changes  in  other  commodities  means  that 
there  is  a  large  group  of  commodities  for  which  price 
changes  are  a  minor  factor  in  accounting  for  changes  in 
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consumption.  For  an  even  larger  group  of  goods,  much 
of  the  variation  in  price  is  either  of  a  cychcal  or  secular 
character  so  that  tlie  influence  of  price  changes  can  be 
largely  accounted  for  as  a  matter  of  time  trend  or  as  a 
function  of  consumer  buying  power. 

On  the  other  hand,  buying  power  received  as  income 
by  individuals  appears  to  be  the  most  important  single 
factor  in  accounting  for  variation  in  consumption  in 
recent  years  for  most  commodities  and  an  important 
factor  for  practically  every  commodity.  A  simple  case 
of  this  relation  is  found  in  the  consumption  of  paints  and 
varnishes.  When  the  volume  of  paints  and  varnishes 
is  plotted  against  consumer  income  as  is  done  in  chart 
VII,  it  is  apparent  that  the  bulk  of  the  variation  in 
consumption  is  paralleled  by  variation  in  new  buying 
power.'  In  the  case  of  the  tobacco  industry,  consump- 
tion shows  a  time  trend  as  well  as  the  inlluence  of  con- 
sumer income.  This  is  indicated  in  chart  VIII,  wliich 
shows  consumption  plotted  against  consumer  income. 
As  income  declines,  consumption  declines,  as  indicated 
by  the  line  AA'.  In  addition,  however,  consumption 
increased  through  time,  the  earlier  years  being  below  the 
line  and  the  later  years  above  it.  This  trend  through 
time  is  represented  by  the  line  BB'.  Here  again,  this 
continuing  relationship  can  be  expressed  by  a  formula 

'  It  should  be  noted  that  this  does  not  mean  that  variations  in  prices  have  not 
occurred  or  influenced  consumption.  It  only  means  that  such  variation  in  price  as 
occurred  must  have  coincided  almost  exactly  with  variation  in  consumer  income  or 
that  to  the  extent  the  variation  in  price  (ailed  to  coincide  with  variation  in  consumer 
income,  its  influence  was  offset  by  other  developments.  For  example,  the  influence 
of  a  steadily  declining  price  which  might  be  expected  to  bring  increased  consumption 
might  be  just  offset  by  the  development  of  a  competing  commodity  which  would  have 
reduced  the  consumption  of  the  first  commodity  if  its  price  had  not  been  reduced. 
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and  the  actual  and  calculated  consumption  can  be 
compared  as  in  the  lower  panel  of  chart  VIII. 

In  some  cases,  price  appears  significant,  not  as  an 
absolute  figure,  but  in  the  relation  between  the  price 
of  a  particular  product  and  the  price  of  a  compethig 
product.  Thus,  in  the  case  of  bituminous  coal,  varia- 
tions in  the  price  of  coal  do  not  appear  to  have  caused 
significant  changes  in  coal  consumi)tion,  but  variations 
in  the  ratio  of  coal  to  fuel  oil  prices  appear  to  aft'ect  the 
consumption  of  coal  significantly,  and  account  can  be 
taken  of  this  added  factor  in  the  fornuila  derived. 

For  other  items,  price  itself,  or  the  ratio  of  price  to 
the  level  of  all  prices,  appears  to  be  significant.  Thus, 
for  the  shoe  industry,  consumer  income,  time,  and  the 
ratio  of  the  price  of  shoes  to  the  level  of  all  prices 
in  combination,  parallel  most  of  the  variation  in  shoe 
consumption. 

In  still  other  cases,  the  relationships  showing  con- 
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tinuity  appear  to  be  more  complex.  The  purchase  of 
automobiles  is  a  clear  example.  In  spite  of  the  wide 
fluctuations  in  automobile  sales  and  the  fact  that  auto- 
mobiles are  consumers'  durable  goods  whose  purchase 
is  easilj'  postpouable,  a  large  proportion  of  the  variation 
in  the  total  number  of  automobiles  sold  can  be  paralleled 
by  four  factors:  the  buymg  power  received  by  wage 
earners  as  income,  the  buying  power  of  other  recip- 
ients of  income,  a  time  trend,  and  the  number  of  auto- 
mobiles more  than  7  years  old  that  are  in  use.  The 
number  of  old  cars  is  a  rough  index  of  the  replacement 
market,  though  new  buying  power  appears  to  affect 
somewhat  the  length  of  time  cars  continue  to  be 
operated,  while  the  improving  quality  of  cars  tends  to 
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increase  the  average  life.  The  use  of  two  indexes  of  in- 
come seems  to  be  necessary,  because  in  the  lower  income 
brackets,  a  given  increase  in  income  appears  to  increase 
the  number  of  new  cars  purchased  much  more  than 
would  be  purchased  by  the  same  increase  in  income  in 
the  higher  income  brackets.  The  actual  figures  for  auto- 
mobile sales  and  the  figures  calculated  from  a  formula 
employing  these  four  factors  are  plotted  in  chart  IX. 
Considering  the  variability  of  automobile  sales,  a  rea- 
sonabl}'  good  fit  has  been  obtained.  Even  here,  a  con- 
siderable amount  of  continuity  in  underlying  relation- 
ships appears  to  exist.* 

These  examples,  when  combined  with  the  many  simi- 
lar examples  given  in  chapter  VI,  constitute  clear  evi- 
dence that  a  considerable  degree  of  continuitj^  can  be 
found  in  the  relationships  underlying  economic  activity. 
They  do  not,  however,  give  &n\  evidence  that  the  con- 
tinuity of  relationships  shown  in  the  past  is  likely  to 
contmue  in  the  future.  A  sudden  change  may  occur  and 
cause  a  new  type  of  relationship  to  develop.  If  under- 
lying continuity  is  to  be  an  aid  in  planning  for  the  better 
use  of  resources  both  by  industry  and  by  Government, 
it  must  be  shown  that  the  underlying  relationships 
which  have  shown  continuity  in  the  immediate  past 
are  likely  to  show  continuity  in  the  innncdiate  future. 
The  next  chapter  will  consider  this  problem. 


*  It  should  be  recognized  that  this  is  a  tentative  formula.  As  more  data  become 
available  and  as  analysis  o(  the  (actors  involved  is  extended,  it  should  be  passible  to 
develop  improved  formulae.  Two  papers,  which  were  presented  at  the  December 
1938  meetings  of  the  Statistical  Association  in  Detroit,  have  contributed  to  this 
process,  by  developing  a  formula  which  lakes  into  account  such  factors  as  super- 
numerary income,  rricc  of  automobiles,  car  population,  and  age  of  cars.  Time 
will  give  a  basis  for  selecting  the  more  reliable  formula  from  the  many  which  could 
be  developed.  By  having  several  such  formulae,  it  is  possible  to  select  one  likely 
to  be  more  satisfactory  than  the  others,  depending  on  the  particular  purpose  for 
which  it  is  to  be  used. 


III.  PROJECTING  THE 


RELATIONSHIPS 
THE  FUTURE 


OF  THE  PAST  INTO 


The  coutuiuity  in  underlying  relationships  shown  in 
the  preceding  chapter  applies  only  to  the  past.  If  it  is 
to  have  any  sio;nificance  as  a  guide  to  policy  in  the 
future,  it  is  necessary  to  establish  that  the  underlying 
relationships  of  the  past  are  likely  to  continue  at  least 
into  the  innnediate  future.  Even  though  it  can  be 
shown  that  automobile  purchases  iiavc  in  the  past 
borne  a  certain  relation  to  consumer  buying  power,  to 
the  number  of  old  automobiles  in  use,  and  to  time,  is 
there  any  reason  to  think  that  this  relationship  will  con- 
tinue to  hold?  Will  the  volume  of  paints  and  varnishes 
purchased  continue  to  varj^  directly  with  consumer 
buying  power?  Will  employment  in  the  baking  in- 
dustry continue  to  bear  the  same  relation  to  production 
as  in  the  past,  and  will  employment  in  the  cotton 
textile  mdustry  continue  to  bear  a  steadilj'  declining 
ratio  to  production? 

Wiile  nothing  absolutely  certain  can  be  said  about 
the  future,  it  is  possible  to  make  certain  tests  as  to  the 
likelihood  that  these  imderlying  relationships  will  hold 
for  at  least  a  few  years  in  the  future.  In  each  of  the 
examples  of  continuity  given  in  the  preceding  chapter, 
the  formula  representing  the  underlying  relationships 
was  worked  out  without  using  any  data  for  j'ears  since 
1932  and  without  even  examining  such  data.  Since 
comparable  data  are  available  after  1932,  it  is  possible 
to  calculate  from  these  formulas  what  employment  or 
consumption  would  have  been  in  subsequent  years  if 
the  underlying  relationslups  of  the  earlier  years  had  con- 
tinued to  hold.  If  the  calculated  figures  agree  closely 
with  the  actual  figures,  one  can  conclude  that  the  under- 
lying relationships  of  the  first  period  have  continued 
into  the  second. 

Such  a  calculation  has  been  made  for  each  of  the 
examples  already  given  as  evidence  of  continuity.  Chart 
X  shows  the  results,  with  the  extrapolated  estimates 
after  1932  indicated  by  the  dotted  lines.  In  each  case 
the  calculated  value  tracks  right  along  with  the  actual 
value  in  the  years  after  1932  almost  as  well  as  in  the 
j'ears  for  which  the  relationships  were  actually  worked 
out.  The  fact  that,  for  example,  the  calculated  figures 
for  tobacco  consumption  from  1933  to  1936  continue  to 
fall  on  top  of  the  actual  consumption,  indicates  that 
for  this  industry  the  relationships  found  to  hold  in 
the  earlier  years  have  continued  to  hold  during  the 
subsequent  years.  The  similar  tracking  of  the  calcu- 
lated and  actual  in  the  other  cases  reflects  the  basic 
continuity  extending  into  the  later  years. 

Some  idea  of  the  extent  to  which  such  relationships 


for  one  period  of  j'cars  contmue  to  hold  in  the  unmedi- 
ately  following  years  can  be  obtained  bj-  examming  the 
results  obtained  in  a  series  of  analyses  of  employment 
and  consumption  which  are  presented  below.  In 
making  these  analyses,  all  economic  activity  in  the 
United  States  was  di\nded  into  81  segments — the  shoe 
industry,  the  cotton  textile  industry,  automobiles,  rail- 
road transportation,  post  office,  education,  and  a  host 
of  other  economic  segments.'  For  each  segment  an 
analysis  was  undertaken  of  the  relationsliips  under- 
lying employment  and  those  underlying  consumption 
to  discover  any  underlying  continuities.  This  involved 
140  separate  analyses,  most  segments  requiring  1  em- 
ployment and  1  consumption  analysis,  although  in 
many  service  segments  the  output  of  the  segment  had 
to  be  measured  in  terms  of  manpower  employed  so 
that  only  a  single  analysis  was  called  for.  In  a  large 
proportion  of  these  140  analyses,  it  was  possible  to 
derive  a  fairly  simple  and  reasonable  formula  to  state 
relationships  existing  through  1932.  In  the  remaining 
cases  fonnulas  were  developed  for  the  period  ending 
in  1932  wliich  fitted  the  data  for  those  years  mod- 
erately well.  When  the  fonnulas  were  tested  with 
data  for  subsequent  years,  a  few  failed  to  show  sig- 
nificant continuity  in  the  underlying  relationsliips 
either  because  the  formulas  were  faulty  or  because  no 
continuity  in  underlying  relationships  existed.  Two 
analyses,  those  for  agricultural  manpower  and  for  con- 
struction output,  were  not  carried  through  to  the 
point  where  actual  tests  could  be  made.  However,  82 
out  of  the  remaining  138  analyses  revealed  a  high  de- 
gree of  continuity,  the  average  difference  between  the 
calculated  and  the  actual  being  less  than  5  percent  in 
the  subsequent  4  years.  The  distribution  of  errors  for 
this  group  of  138  analyses,  including  the  cases  where 
the  subsequent  years  did  not  fit  well,  is  given  in  chart 
XL  The  number  of  cases  in  which  the  calculated 
averaged  less  than  5  percent  of  the  actual  is  evidence 
of  a  considerable  degree  of  continuity  in  the  relation- 
ships. 

A  more  technical  measure  of  the  relation  between  the 
actual  data  and  the  formulas  derived  is  to  be  found  in 
the  statistician's  "standard  error  of  estimate."  This 
measure  has  been  developed  by  statisticians  in  connec- 
tion with  formulas  for  estimating  the  characteristics  of 

I  The'term  "economic  segment"  or  Just  "segment"  is  used  here  rather  than  the 
term  "industry"  partly  because  such  activities  as  education,  domestic  service,  and 
the  lilse  are  not  customarily  referred  to  as  "industries"  and  partly  because  the  lines 
of  division  between  industries  made  for  purposes  of  the  above  analysis  may  not  fit 
the  customary  industrial  divisions. 
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a  given  universe  or  set  of  events  from  a  sample  set  of 
observations  presumed  to  be  random  and  independent 
of  each  other.  It  is  used  not  only  to  state  the  degree 
to  wliich  such  a  particular  formula  fits  the  data  from 
which  it  is  derived  but  also  as  an  index  of  the  reliability 
of  the  formula  as  indicated  by  the  theory  of  probabili- 


ties. Since  the  time  series  analyzed  in  this  report  do 
not  constitute  random  and  unrelated  samples,  and  since 
no  one  appears,  as  j'et,  to  have  developed  a  theory  of 
probabilities  applicable  to  a  nonrandom  and  serially  in- 
tercorrelated  sample,  there  seems  to  be  no  justification 
for  reading  into  the  standard  errors  presented  in  this 
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report  anj^  implications  as  to  probability.  The  stand- 
ard errors  are  presented  here  only  as  a  concise  mathe- 
matical statement  of  certain  of  the  relations  between 
the  actual  data  and  the  formulas  developed.  A  low 
standard  error  would  indicate  a  good  fit  between  for- 
mula and  data  just  as  would  a  low  average  error.  The 
standard  error  gives  a  more  comprehensive  statement 
of  fit  than  average  error  since  it  takes  into  account  more 
factors  of  significance.  Neither  measure  of  fit  when 
applied  to  these  time  series  has  been  assinned  in  this 
report  to  state  the  probability  that  the  formula  will  fit 
the  data  for  subsequent  periods.  Rather  the  inad- 
equacy of  probability  theory  as  applied  to  time  series 
leads  to  the  procedure  of  saving  out  the  data  for  the 
years  after  1932  as  a  test  for  the  formula  developed. 

In  chart  XII  the  average  discrepancies  between 
actual  and  calculated  in  the  years  after  1932  are  plotted 
against  the  standard  errors,  both  the  discrepancy  and 


the  standard  error  being  stated  as  a  percent  of  the 
average  value  for  the  period  ending  in  1932.  The  line 
"Average  error = standard  error"  divides  the  chart  in 
such  a  way  that  in  cases  where  the  average  error  in  the 
period  after  1932  is  greater  than  the  standard  error  of 
the  formula,  the  corresponding  point  on  the  chart  lies 
above  the  line  and  if  less,  the  point  lies  below  the  line. 
The  higher  the  points  lie  in  relation  to  this  line,  the 
more  significant  are  the  errors  involved  m  the  extra- 
polation as  evidence  of  the  unreliability  of  the  formula 
and  the  further  to  the  right,  the  less  reliable  the  for- 
mvda.  The  bunching  of  points  to  the  left  of  the  chart 
and  below  the  line  suggests  the  high  proportion  of  the 
formulas  which  are  reasonably  reliable. 

Further  examination  of  the  results  of  these  analyses 
shows  a  considerable  persistence  of  the  underlying  rela- 
tionship even  into  the  tliird  and  fourth  year  after  the 
period  for  which  the  formulas  were  derived.     In  chart 
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XIII,  the  differences  between  actual  and  calculated  are 
plotted  separately  for  each  of  the  years  after  1932  in 
the  same  manner  as  the  average  discrepancies.  The 
location  of  the  points  hi  successive  years  mdicates  that 
most  of  the  formidas  are  not  seriously  less  reliable  for 
the  later  than  for  the  earlier  years  of  extrapolation.^ 


'  A  question  has  arisen  in  connection  with  this  clmrt  wliicli  calls  for  further  investi- 
gation. If  the  theory  of  probabilities  developed  in  connection  with  random  sample 
analysis  were  applicable  to  time  series,  it  would  be  expected  that  in  the  cases  where 
the  standard  erior  was  greater,  the  residuals  actually  found  would  be  greater  and 
that  at  each  range  of  standard  error,  in  appro.\imately  two-tliirds  o(  the  cases  the 
residual  would  be  less  than  the  standard  error  and  in  one-third  of  the  cases  would 
be  greater.  Examination  of  chart  XUI  indicates  that  the  theoretical  requirements 
are  met  for  the  group  of  cases  in  which  the  standard  error  was  less  thon  4  percent  o( 
the  mean  actual  value  but  are  not  met  for  the  group  of  cases  in  which  the  standard 
error  was  more  than  4  percent  of  the  mean  actual  value.  Does  this  failure  to  meet 
the  theoretical  requirements  applicable  to  a  random  sample  mean  that  this  particular 
theory  is  not  applicable  to  economic  time  scries;  that  the  theory  is  applicable  to  such 
series  and  that  the  failure  of  the  results  to  meet  expectations  is  an  indication  of  some 
significant  but  not  understood  characteristic  of  the  data  being  analyzed;  or  that  even 
though  the  theory  is  applicable  to  time  series  in  general,  the  conditions  requisite  to 
its  application  were  not  met  in  the  particular  case?    (For  example,  in  a  large  number 


111  tliis  material  we  have  clear  evidence  that  the 
underlying  relationsliips  which  showed  continuity  in 
the  period  ending  in  1932  continued  to  a  considerable 
extent  to  hold  in  the  immediately  subsequent  years. 
This  suggests  that  continuing  relationships  worked  out 
for  the  immediate  past  can  be  projected  into  the  future 
with  a  fair  likoliliood  that  they  will  continue  to  hold. 

All  the  relationships,  however,  which  have  shown 
continuity  in  the  past  arc  not  equally  likely  to  continue 
in  the  future.  Once  a  particular  set  of  relationships 
has  been  stated  as  a  formula,  it  is  possible  to  test  the 
formula  in  several  ways. 

First,  it  is  possible  to  compare  the  formula  with  the 

of  cases  in  which  the  standard  error  is  high,  the  data  after  1932  are  appreciably  more 
reliable  than  the  data  from  which  the  formula  is  derived;  also  because  of  the  high 
intcrcorrelation  between  successive  years  in  the  data,  it  is  impossible  to  obtain  a 
precise  figure  equivalent  to  the  number  of  independent  observations  and  therefore 
the  remaining  degrees  of  freedom  cannot  be  precisely  known.)  This  problem  requires 
further  investigation. 


CHART     XII 
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RELATION    BETWEEN  THE    RESIDUALS   FOR   THE  YEARS    1933-1936    AND  THE    STANDARD   ERROR  OF  ESTIMATE 
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actual  data.  Does  the  formula  fit  tlie  data  closely  or 
only  roughly?  This  comparison  can  be  made  visual 
by  the  method  adopted  in  charts  V  to  X.  It  is  clear 
from  the  charts  that  the  formula  representing  the 
relation  between  tobacco  consumption  and  consumer 
income  and  time  fits  the  observed  data  much  more 
closely  tlmn  the  relation  between  cotton  textile  pro- 
duction, manpower,  and  time.  This  is  also  shown  in 
the  difference  in  the  standard  error,  expressed  as  a 
ratio  to  the  mean  value,  that  for  the  first  being  0.03 
and  that  for  the  second  being  0.04.  If  the  fit  between 
the  actual  and  the  calculated  is  poor,  the  particular 
combination  of  relationships  can  be  discarded  as  not 
likely  to  continue  to  hold  in  the  future.  On  the  other 
hand,  if  the  fit  is  close,  the  relationship  deserves  and 
requires  further  testing.  The  fact  that  the  fit  is  good 
does  not  mean  that  the  particular  relation  is  likely  to 
hold  in  the  future.  Too  often,  quite  separate  items 
vary  together  for  short  periods  of  time,  yet  they  are 
not  likely  to  continue  to  do  so.  Only  as  further  tests 
are  met  can  a  formula  representing  the  underlying 
relationslups  be  regarded  as  reliable. 

A  second  test  is  that  of  reasonableness.'  Does  the 
relationship  found  seem  to  be  a  reasonable  one?  It  is 
only  common  sense  that,  for  most  industries,  employ- 
ment is  greater  when  production  is  greater  or  that 
consumption   of   tobacco   is  greater   when   consumer 


'  In  discovering  the  relationships  shown  in  this  report,  the  lest  of  reasonableness 
was  in  most  cases  applied  before  any  statistical  relationships  were  worked  out.  For 
example,  in  considering  tobacco  consumption,  a  hypothesis  was  first  developed  to 
the  effect  that  most  of  the  variation  in  tobacco  consumption  would  be  accounted  for 
by  (1)  variation  in  consumers'  income,  and  (2)  variations  of  other  sorts  operating 
through  time  such  that  their  net  effect  would  be  reflected  by  an  increasing  time  trend. 
This  hypothesis  was  then  tested  by  analyzing  the  actual  data.  In  this  case  the  first 
hypothesis  proved  correct.  Because  the  relationship  was  justified  on  rational 
grounds  before  it  was  established  statistically  instead  of  being  rationalized  after  it  had 
been  discovered  through  trying  out  various  possibilities,  somewhat  more  reliance 
can  be  placed  upon  it. 


income  is  greater.  Each  element  in  the  relationship 
must  be  put  to  this  test  of  reasonableness. 

The  third  test  is  that  employed  above  in  extending 
the  time  period  covered.  By  calculating  what  the 
consumption  of  tobacco  would  be  in  years  subsequent 
to  or  prior  to  the  period  from  which  the  relationships 
are  derived  and  comparing  the  result  with  the  actual 
figures,  considerable  light  can  be  thrown  on  the  reliabil- 
ity of  the  relationsliips.  In  the  case  of  the  present 
analyses,  any  extension  backwards  involved  using  data 
of  the  unsettled  war  or  immediate  post-war  period,  so 
that  tills  test  has  not  been  used.  Since  the  problem 
is  to  test  whether  the  relationships  can  be  extended  into 
the  future,  the  more  significant  test  is  to  apply  data 
for  the  years  after  those  for  which  the  relationships 
have  been  developed.  If  a  formula  continues  to  fit 
the  facts  well  for  3  or  4  subsequent  years,  there  appears 
to  be  considerable  likelihood  that,  if  no  catastrophic 
changes  such  as  war  or  revolution  take  place,  it  or  a 
comparable  formula  based  on  the  whole  period  will 
continue  to  fit  for  at  least  a  few  years  more,  though 
perhaps  with  declining  accuracy  in  subsequent  years 
as  has  been  indicated  above. 

Finally,  the  most  rigorous  test  is  the  future  itself. 
If  those  relationships,  which  are  worked  out  now  and 
wluch  are  regarded  as  reasonably  reliable,  are  published, 
the  facts  of  subsequent  years  can  be  applied  to  test 
their  reliability.^  Gradually  by  such  a  testing  process 
it  should  be  possible  to  build  up  a  knowledge  of  the 
continuities  underlying  economic  activity.  Such 
knowledge  would  constitute  part  of  the  essential 
backlog  of  Ivnowlodge  necessary  to  the  more  effective 
use  of  national  resources. 


'  The  sharp  break  in  economic  activity  subsequent  to  the  summer  of  1937  and  the 
lower  level  of  activity  in  the  period  immediately  thereafter  should  give  an  excellent 
basis  for  testing  the  various  formulae. 


IV.    DISCONTINUITIES 


Wliile  the  material  presented  in  tlie  preceding  chap- 
ters gives  clear  evidence  of  continuities  underlying 
economic  activity,  it  should  not  be  taken  as  evidence 
that  there  are  no  significant  discontinuities.  Several 
cases  of  what  appear  to  be  significant  discontinuities 
have  developed  in  the  analyses  made  so  far.  Possibly 
the  determination  of  major  discontiniuties  is  as  sig- 
nificant for  national  policy  as  the  determination  of 
continuities. 

When  the  analysis  discloses  no  clear  evidence  of 
continuity,  it  provides  prima  facie  evidence  of  dis- 
continuity. This  may  reflect  true  discontinuity  in 
the  operations  of  the  industry  being  analyzed  or  it 
may  reflect  only  a  failure  on  the  part  of  the  analysts  to 
discover  the  significant  relationships  underlying  the 
operations  and  can  be  regarded  as  pseudo  discontinuity. 
In  both  cases,  there  is  discontinuity  insofar  as  the 
drafting  of  patterns  of  resource  use  is  concerned, 
although,  in  the  second  case,  the  appearance  of  dis- 
continuity can  presumably  be  eliminated  hj  more 
adequate  data  and  analysis. 

The  most  clear-cut  cases  of  true  discontinuity  have 
been  disclosed  in  the  analj'sis  of  Federal  Government 
employment  and  employment  in  the  banking  and 
finance  segment.  In  the  case  of  Federal  employment, 
a  formula  was  developed  which  fitted  the  data  for  1932 
and  prior  years  fairly  closely  and  seemed  to  be  reason- 
able. Wlien  this  formida  was  applied  to  the  years 
following  1932,  however,  it  failed  to  fit  the  facts  by 
a  very  wide  margin.  This  failure  is  indicated  in  the 
first  panel  of  chart  XIV.  The  formula  did  not  reflect 
the  factors  which  brought  about  the  tremendous 
increase  in  Federal  employment  subsequent  to  1932. 
WTiile  this  increase  of  Federal  employment  might  have 
been  foreseen  on  general  grounds  as  a  result  of  a  deep 
depression  and  a  shift  of  party  in  power,  the  statistical 
information  relied  upon  in  making  the  analysis  of  the 
relationships  underlying  Government  employment  did 
not  suggest  such  a  development.  A  sharp  break  in 
the  economic  relationship  underlying  Federal  employ- 
.  ment  seems  to  have  occurred — a  discontinuity  reflecting 
a  change  in  national  policy. 

The  second  clear  case  of  discontinuity  appears  in 
the  field  of  banking  and  finance.  Here,  as  in  the  case 
of  Federal  employment,  a  fairly  satisfactory  formula 
was  developed  for  the  period  ending  in  1932  but  the 
formula  clearly  did  not  fit  the  subsequent  years  as  is 
shown  in  panel  2  of  chart  XIV.  Here  again,  examina- 
tion of  the  statistical  material  made  it  evident  that  the 


lack  of  fit  was  not  due  to  a  faulty  analysis.  The  volume 
of  employment  after  1932  was  way  below  what  could 
reasonably  have  been  expected  in  the  light  of  the  experi- 
ence of  the  immediately  preceding  years.  It  is  evident 
that  the  drastic  reorganization  of  the  banking  system 
following  the  bank  closing  of  March  1933  resulted  in 
a  marked  curtailment  of  employment  which,  combined 
with  a  significant  shift  in  financial  functioning  from 
private  to  Government  hands,  represented  a  sharp 
break  with  the  relationship  between  private  banking 
emploj'ment  and  economic  activity  which  had  pre- 
viously existed. 

It  is  an  outstanding  characteristic  of  these  discon- 
tinuities that  they  involved  significant  political  and 
administrative  decisions  and  that  at  the  time  they 
occurred  there  was  ample  nonstatistical  evidence  to 
give  warning  of  the  likelihood  of  a  change  in  the  under- 
lying relationsliips.  A  shift  in  Federal  administration 
should  be  fair  warning  that  a  formula  for  Federal 
employment  derived  from  the  past  must  be  scrutinized 
carefully  and  tested  against  the  actual  employment  to 
be  sure  that  new  underlying  relationships  have  not 
been  developed  by  the  political  change.  So  also,  the 
bank  reorganization  would  itself  be  a  signal  of  a  possible 
change  in  underlying  relationships.  Such  signals 
would  indicate  that  in  such  cases  the  particular  formu- 
las reflecting  past  relationships  can  be  projected  into 
the  future  only  with  the  greatest  caution  and  possibly 
may  have  to  be  rejected  altogether. 

In  other  cases,  a  temporary  discontinuity  is  some- 
times found  again  involving  political  or  administrative 
decisions  of  major  import.  Thus,  in  automobile  sales, 
the  relationshij)  found  to  hold  fairly  consistently  be- 
tween automobile  sales,  mcome,  old  cars,  and  time  does 
not  hold  in  1927.  That  was  the  year  in  which  the  Ford 
plants  were  closed  down  as  a  result  of  the  administrative 
decision  to  replace  the  old  model  T  with  a  new  model. 
Likewise  in  2  strike  years,  the  relationship  between 
anthracite  coal  consumption,  consumer  income,  and 
time  was  clearl3^  different  from  the  relationship  existmg 
in  other  years.  In  such  cases,  an  unusual  factor  enters 
in  to  distort  the  usual  relationship.  However,  an 
unusual  factor  sufficiently  important  to  affect  signifi- 
cantly the  relationships  that  usually  exist  would  in  most 
oases  be  sufficiently  evident  to  give  clear  warning  of  the 
likelihood  of  discontinuity.  Such  cases  of  temporary 
discontinuity  do  not  appear  to  be  sufficiently  frequent 
to  invalidate  the  type  of  analysis  being  employed  in  this 
report  but  they  do  require  particular  watchfulness  both 
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CHART    XIV 
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in  developing  formulas  to  represent  underlying  relation- 
ships and  even  more  important,  in  the  projecting  of  such 
relationships  into  the  future. 

Cases  of  what  appears  to  be  pseudo  discontinuity  are 
shown  in  the  third  and  fourth  panels  of  chart  XIV.  The 
formula  developed  for  woolen  and  worsted  consumption 
fits  the  data  for  the  period  ending  in  1932  fairly  well, 
though  less  well  than  the  bulk  of  successful  analyses. 
However,  the  consumption  in  subsequent  years  is  very 
much  less  than  the  formula  would  suggest.  In  this  case, 
lack  of  adequate  statistics  on  the  industry  made  it 
necessary  to  use  data  which  were  known  to  be  unreliable. 
The  index  of  "consumption"  actually  employed  in  the 
analysis  is  admittedly  faulty.  It  is  essentially  an  index 
of  production.  To  be  a  satisfactory  index  of  consump- 
tion it  should  be  adjusted  for  changes  in  "stocks  on 
hand."  Yet  no  adequate  index  of  stocks  or  changes  in 
stocks  is  available  to  correct  the  cruder  index.  Under 
the  circumstances,  clear  evidence  of  continuity  would 
be  expected  only  if  stocks  on  hand  varied  in  close  rela- 
tion to  production — an  unlikely  condition  in  this  in- 
dustry. Because  of  this,  the  analysis  cannot  be  ex- 
pected to  give  reliable  results.  It  seems  likelj^  that 
the  discrepancy  between  the  calculated  and  the  actual 


figures  after  1932  is  due  to  the  inadequacy  of  the  data 
and  the  incompleteness  of  the  analysis.  Until  better 
data  allow  a  more  reliable  analysis  to  be  made,  it  would 
be  incorrect  to  regard  the  apparent  discontinuity  as 
significant. 

Employment  in  petroleum  production  shows  the  same 
lack  of  good  fit  and  likewise  involves  inadequacies  in 
the  available  data.  Has  control  of  petroleum  produc- 
tion during  the  recovery  period  altered  the  underlying 
relationship  in  production  or  are  the  data  too  inadequate 
for  effective  analysis?  Further  analysis  may  furnish 
the  answer. 

In  other  analyses  which  yielded  similar  poor  results 
and  suggested  the  possibility  of  discontinuity,  the  data 
used  were  so  unsatisfactory  that  no  conclusion  as  to 
significant  discontinuity  could  be  reached.  In  other 
cases,  the  apparent  discontinuity  is  felt  to  be  a  result  of 
inadequate  analysis.  Only  in  a  relatively  few  cases 
has  convincing  evidence  of  discontinuity  been  discov- 
ered. On  the  whole,  the  140  analyses  give  an  impres- 
sion dominated  by  the  presence  of  essential  continuity, 
while  significant  discontinuity  appears  as  the  exception 
rather  than  the  rule. 


V.  PATTERNS  OF  RESOURCE  USE 


The  preceding  chapters  liave  showm  that  it  is  possible 
to  discover  continuing  rehitionships  underh^ing  the  com- 
plex ebb  and  flow  of  economic  action.  They  have  also 
showTi  that,  on  a  basis  of  testing,  it  is  possible  to  select 
those  rehitionsliips  which  seem  likely  to  hold  in  the  im- 
mediate future  provided  no  violent  changes  in  condi- 
tions occur  such  as  would  be  brought  by  war  or  revolu- 
tion. It  is  the  purpose  of  tliis  chapter  to  indicate  that 
it  is  possible  on  the  basis  of  such  continuing  relation- 
ships to  show  how  resources  are  likely  to  be  used  in  the 
future  under  various  possible  conditions.  The  next 
chapter  will  present  some  actual  though  not  too  reUable 
patterns  of  resource  use  for  1938.  The  possibility  of 
developing  more  reliable  patterns  and  the  value  of  such 
patterns  as  an  aid  in  the  making  of  national  policy  will 
be  discussed  in  subsequent  chapters. 

Just  what  would  a  pattern  of  resource  use  be  like?  A 
pattern  of  resource  use  would  be  a  statement  of  the 


resources  used  in  any  given  period  and  the  goods  and 
services  resulting  from  tliis  use.  A  resource-use  pattern 
for  any  particular  year  would  show  the  manpower, 
natural  resources,  and  equipment  used  and  the  things 
produced.  It  would  be  an  input-output  pattern — a 
pattern  showing  the  conversion  of  resources  into  useful 
goods  and  services.  It  might  be  given  in  more  or  less 
detail  but  it  would  have  to  cover  the  whole  of  the 
national  economy  and  show  the  essential  pattern  of 
activity,  however  meager  the  detail. 

One  of  the  major  elements  in  such  a  pattern  of  re- 
source use  is  manpower,  the  most  important  item  of 
input.  Insofar  as  measurement  makes  possible,  the 
pattern  of  employment  in  1935  has  been  worked  out, 
dividing  the  economj'  into  11  different  functional  seg- 
ments, such  as  agriculture,  manufacture,  and  trade. 
Chart  XV  shows  the  manpower  employed  in  each  seg- 
ment, stated  in  terms  of  the  number  of  full-time  work- 
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ers,  part-time  work  bciiig  converted  to  the  equivalent 
full-time  work.  This  equivalent  full-time  employment 
is  represented  by  the  size  of  the  black  areas.  The  left- 
hand  part  of  the  chart  covers  the  service  industries 
while  the  remainder  of  the  chart  shows  the  raw  mate- 
rials followed  bj^  manufacture  and  distribution  or  con- 
struction. Starting  at  the  upper  left-hand  corner  are 
the  acti\nties  servicing  the  economy  as  a  whole.  The 
first  block  represents  emploj'ment  in  the  Federal  Gov- 
ernment exclusive  of  that  supplying  mail  service  which 
is  grouped  in  the  public  utilities  along  with  other  forms 
of  communication.'  The  block  beside  it  represents  em- 
ployment in  state  and  local  governments  exclusive  of 
that  engaged  directly  in  education.  This  latter  is 
classed  with  services  to  the  consumer.^  The  tliird  block 
represents  employment  in  railroads  and  beside  it  that  in 
utilities,  primarily  electric  power,  telephone,  telegraph, 
and  post  office.  For  purposes  of  simplification,  bank- 
ing, and  finance  have  been  grouped  with  the  utilities. 
Tlie  fifth  block  is  made  up  of  those  activities  primarily 
serving  the  ultimate  consumer  and  invohnng  little  pur- 
chase of  raw  material.  In  such  activities,  manpower, 
including  skills,  is  almost  the  only  significant  resource 
used  and  the  bulk  of  the  product  is  rendered  directly  to 
the  ultimate  consumer.  This  segment  includes  such 
activities  as  education,  both  public  and  private,  profes- 
sional ser^^ce,  domestic  service,  and  amusements. 

At  the  top  of  the  chart  in  the  center  and  on  the  right 
are  the  extractive  segments,  agriculture  and  minerals. 
The  third  source  of  raw  materials,  imports,  is  not  shown 
as  it  involves  no  direct  employment  witliin  the  country. 
Below  the  raw  material  resources,  the  employment  in 
manufactures  is  indicated  and  below  this  in  turn  are 
wholesale  and  retail  trade  and  construction.  At  the 
right  of  the  chart  is  a  block  representing  a  crude  estimate 
of  the  manpower  which  was  available  in  1935  but  was 
unemployed.  This  chart  gives  a  clear  indication  of  the 
pattern  of  resource  use  in  1935  insofar  as  manpower  is 
concerned. 

In  order  to  complete  the  pattern  of  resource  use,  it 
would  be  necessary  to  provide  data  showing  in  addition 
both  the  natural  resources  and  the  capital  equipment 
actually  used  in  production  and  the  output  of  economic 
activity.  Data  are  not  available  in  a  form  to  complete 
the  pattern  of  resource  use  for  1935.  Enough  has  been 
given,  however,  to  indicate  what  a  completed  pattern 
of  resource  use  would  be  Uke. 

Patterns  of  resource  use  could  be  delineated  in  more 
detail  by  breaking  the  economy  into  a  larger  number  of 
segments.     This  also  has  been   done  for  manpower 

'  There  are  other  activities  of  government  which  should  be  included  with  the 
public  utihties  such  as  T.  V.  A.,  municipal  power  plants,  etc.,  but  figures  for  employ- 
ment in  these  activities  are  not  available  and  the  essential  picture  would  be  little 
altered  by  making  this  small  adjustment. 

I  Undoubtedly  other  activities  of  Government  should  be  classed  as  services  to  the 
consumer  but  these  could  not  be  readily  disentangled  from  services  to  the  economy 
as  a  whole  except  in  the  important  case  of  education. 


input  for  the  year  1935,  dividing  the  economy  into  the 
81  segments  already  mentioned.  The  resulting  pattern 
of  employment  is  showTi  in  chart  XVI  following  essen- 
tially the  same  layout  as  in  the  preceding  chart. 

These  two  patterns  of  resource  use,  already  given,  are 
statements,  more  or  less  detailed,  of  what  happened  in 
the  past.  Is  it  possible  to  construct  similar  patterns  of 
resource  use  which  apply  to  the  future?  Do  the  con- 
tinuing relationships  underlying  economic  activity  give 
a  basis  for  constructing  such  patterns? 

In  the  examples  of  continuity  in  consumption  rela- 
tionships, consumer  income  and  time  played  major 
roles  in  accounting  for  the  variation  in  consumption. 
This  nieans  that  for  some  subsequent  year  it  would  be 
possible  to  calculate  consumption  for  a  series  of  dif- 
ferent commodities  or  services  for  any  given  volume  of 
consumer  buying  power.  If  the  real  buying  power  re- 
ceived as  income  by  consumers  were  to  be  80  billion 
dollars,  the  formula  for  tobacco  consumption  indicates 
that  the  consumption  of  tobacco  would  be  likely  to  be- 
in  the  vicinity  of  930  million  pounds  when  the  trend 
values  for  1938  are  introduced.  If,  on  the  other  hand, 
the  real  buying  power  paid  out  to  consumers  were  to  be 
60  billion  dollars,  only  822  million  pounds  of  tobacco 
would  be  purchased.  Likewise,  if  the  consumer  income 
were  100  billion  dollars,  the  corresponding  tobacco 
figures  would  be  1,027  million  pounds.  Thus,  although 
what  the  national  income  is  going  to  be  in  any  future 
year  is  not  known,  it  is  neverthless  possible  to  approxi- 
mate the  relation  that  is  likely  to  exist  between  national 
income  and  the  consumption  of  tobacco  in  any  year  of 
the  immediate  future. 

Tliis  same  procedure  can  be  applied  to  a  whole  series 
of  segments  so  that  many  elements  in  the  pattern  of 
consumption  at  each  level  of  buying  power  can  be 
filled  in.  For  some  segments,  certain  assumptions  as  to 
price  would  have  to  be  made  but  the  number  of  such 
cases  can  be  kept  at  a  minimum.  For  still  other 
segments,  further  assumptions  would  have  to  be  made. 
Thus,  in  the  case  of  automobiles,  in  order  to  use  the 
formula  given  above  so  as  to  calculate  the  most  likely 
volume  of  automobile  sales  in  any  year  at  each  level  of 
buying  power,  it  would  be  necessary  to  estimate  the 
number  of  automobiles  7  years  old  or  older  wliich 
would  be  in  use  at  the  end  of  the  preceding  year.  Tliis 
can  be  done  with  sufficient  accuracy  for  the  purpose  of 
calculating  purchases  in  the  next  year  or  two.  It 
would  also  be  necessary  in  tliis  case  to  specify  the 
proportion  of  the  buying  power  received  by  consumers 
as  wages  and  that  received  from  other  sources. 

On  the  basis  of  this  type  of  procedure,  it  would  be 
possible  to  work  out  the  major  elements  in  the  pattern  of 
consumption  wliich  is  likely  to  develop  in  a  particular 
year  under  each  different  set  of  conditions  as  to  buying 
power,  price  ratios,  and  other  factors.     A  different  con- 
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sumption  pattern  could  be  developed  for  each  set  of 
conditions  assumed.  The  different  patterns  would  have 
this  in  common,  that  each  would  represent  the  pattern 
of  consumption  likely  to  develop  in  the  year  chosen  if 
the  underlying  relationships  showing  continuity  in  the 
recent  past  should  continue  to  hold.  They  would  differ 
in  that  each  pattern  would  relate  to  a  different  set  of 
conditions,  any  one  of  which  might  develop.  Such 
patterns  would  not  be  forecasts  of  the  consumption  that 
will  occur,  since  no  forecast  is  made  as  to  which  set  of 
conditions  is  most  likely  to  arise  in  that  year.  The 
pattern  would  only  indicate  that  if  one  set  of  conditions 
developed,  there  would  be  a  certain  pattern  of  con- 
sumption, if  another  set  of  conditions,  a  second  pattern 
would  represent  the  consumption  likely  to  occur. 

Just  as  it  is  possible  to  develop  a  pattern  of  consump- 
tion related  to  each  set  of  assumed  conditions,  so  it  is 
also  possible  to  develop  patterns  of  employment  which 
would  be  related  to  the  pattern  of  consumption.  If,  for  a 
.given  set  of  conditions,  the  pattern  of  consumption 
included  the  consumption  of  400  million  pairs  of  shoes,  it 
would  be  possible  to  calculate  the  manpower  which  is 
lilvcly  to  be  used  in  making  shoes,  in  making  leather,  and 
so  on,  back  through  the  process  of  production.  In  this 
way,  the  different  elements  in  the  pattern  of  cmploj-ment 
corresponding  to  a  particular  consumption  pattern 
could  be  worked  out  until  the  full  pattern  of  employment 
for  the  economy  is  blocked  in. 

Again,  as  in  the  case  of  the  consumption  patterns, 
some  additional  assumptions  would  have  to  be  made  as 
to  the  conditions  affecting  employment.  Thus,  a 
change  in  hours  worked  per  week  would  usually  change 
the  niuuber  of  workers  required  for  a  given  output  and 
in  many  cases,  specific  assumptions  as  to  working  hours 
would  have  to  be  made.  Since  experience  has  shown 
that  most  of  the  variation  in  employment  reflects 
changes  in  volume  of  output,  hours  worked,  and  time 
trend,  the  number  of  instances  where  other  elements  in 
the  conditions  of  employment  have  to  be  specifically 
introduced  are  relativelyfew  so  long  as  the  subdivision  of 
segments  is  not  carried  too  far. 

In  gaging  the  employment  involved  in  a  given  amount 
of  consumption,  account  should  be  taken  of  changes  in 
inventory.  A  consumption  of  a  hundred  million  shoes 
may  not  involve  a  production  of  an  exactly  equal 
number  of  shoes  in  the  same  time  period.  Inventory 
can  be  used  up  so  that  consumption  is  greater  than  pro- 
duction, or  production  can  be  the  greater  with  a  cor- 
responding increase  of  inventory.  For  many  industries 
such  as  those  supplying  services  either  to  the  economy  or 
to  the  ultimate  consumer,  there  is  no  problem  of  inven- 
tory. For  other  industries,  the  variations  in  inventory 
are  so  small  in  relation  to  variations  in  total  production 


that  they  become  a  wholly  secondary  factor  and  can  be 
disregarded.  For  still  others,  inventory  changes  must 
be  taken  directly  into  account,  a  problem  which  is  dis- 
cussed in  the  Appendix. 

A  consumption  pattern  and  a  corresponding  employ- 
ment pattern  together  constitute  the  two  most  import- 
ant elements  in  a  pattern  of  resource  use.  All  of  the 
output  is  thereby  covered  and  the  most  important 
single  item  of  input.  Experimental  work  has  been 
carried  on  in  an  effort  to  construct  such  patterns  using 
trend  values  for  1938  and  the  results,  rough  though 
they  are,  clearly  indicate  the  feasibility  of  developing 
consumption  and  emploj'ment  patterns.  No  effort 
has  yet  been  made  to  construct  patterns  of  capital 
equipment  or  of  natural  resources  used  which  would 
correspond  with  the  consunij)tion  and  emplojnient 
patterns  so  as  to  complete  the  patterns  of  resource  use. 
However,  the  evidence  points  to  the  possibility  of  con- 
structing such  patterns  if  the  data  on  the  use  of  equip- 
ment and  resources  were  available  for  all  the  segments 
of  industry  instead  of  for  onh'  a  few.  In  the  absence 
of  adequate  data  on  natural  resources  and  equipment 
used,  the  patterns  presented  in  the  following  chapter 
include  only  labor  on  the  input  side  to  correspond  %vith 
the  output  pattern  at  different  levels  of  consumer 
income. 

The  procedure  adopted  in  develojHng  these  patterns 
consists  in  tlie  main  of  tracing  through  the  implica- 
tions for  the  rest  of  the  economy  of  a  given  volume  of 
consumer  income  or  new  consumer  buying  power. 
This  does  not  mean  that  a  given  volume  of  consumer 
income  will  produce  a  certain  level  of  economic  activity, 
but  only  that  it  corresponds  with  such  a  level.  It 
insiy  be  that  a  given  level  of  activit}'  produces  a  certain 
level  of  consumer  income  or  both  may  reflect  a  third 
set  of  factors.  No  causation  is  assumed  in  building 
the  respective  patterns  around  given  levels  of  con- 
sumer income.  Rather  this  was  found  to  be  a  con- 
venient procedure.  Another  method  would  have  been 
to  build  patterns  not  around  consumer  income — the 
money  income  paid  out  to  consumers — but  around  real 
national  income — the  mcome  produced  in  a  period  and 
made  up  of  the  food,  clothing,  and  shelter  the  new  fac- 
tories and  machinery  actuallj'  produced.^  The  pat- 
terns of  resource  use  oriented  to  consumer  income  have 
the  advantage  of  breaking  into  the  economic  process 
at  a  point  that  is  easily  grasped.  Other  patterns 
oriented  to  real  national  income  produced  should  be 
equally  valuable  and  should  indicate  essentially  the 
same  relationships. 

*  By  this  second  method  the  physical  production  which  constituted  real  national 
income  would  be  broken  down  into  its  constituents  and  the  corresponding  employ- 
ment calculated.  The  resulting  patterns  would  have  the  same  character  as  those 
based  on  consumer  income.  When  both  methods  take  full  account  of  changes  in 
inventory  and  capital  equipment,  they  should  pive  identical  results. 
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VI.  APPROXIMATE  FUTURE  PATTERNS 


Patterns  of  resource  use  applicable  to  the  future  have 
been  worked  out  in  two  quite  dili'erent  degrees  of  detail. 
For  one  set  of  patterns  the  whole  American  economy 
has  been  divided  into  only  11  segments,  while  for  the 
second  set  it  has  been  further  subdivided,  giving  81  seg- 
ments in  all.  The  two  sets  of  patterns  should  act  some- 
what as  a  cross  check  on  one  another.  The  second  set 
with  its  greater  detail  should  give  a  more  reliable  sum- 
mation than  the  first,  even  though  in  detail  it  is  at  many 
points  less  reliable. 

As  a  basis  for  constructing  the  first  set  of  patterns, 
an  eft'ort  was  made  to  discover  continuity  in  each  of  the 
11  segments  shown  in  chart  XV.  For  the  segments 
representing  State  and  local  governments,  minerals, 
manufacturing,  trade,  railroad,  other  utility,  con- 
sumer service,  and  miscellaneous,  analysis  disclosed 
very  clear  continuity  in  underlying  relationsliips.  For 
the  large  agricultural  segment,  no  very  clear  continuitj' 
of  relationships  was  discovered,  but  as  both  agricultural 
employment  (including  self-employed)  and  consimip- 
tion  of  farm  products  have  been  relatively  stable  except 
for  Government  crop  control,  tiie  failure  to  discover  a 
high  degree  of  continuity  in  underlymg  relationships  is 
less  significant  for  the  purpose  in  hand  than  would  be  the 
case  in  a  segment  showing  greater  variability.  For  the 
construction  segment,  only  rough  continuities  were 
discovered,  making  the  projecting  of  past  relationship 
into  the  future  a  less  dependable  procedure  than  in  the 
other  segments.  The  activity  of  the  Federal  Govern- 
ment shows  a  clear  case  of  discontinuity,  being  to  a 
greater  degree  a  matter  of  variable  national  policy. 

For  each  of  these  segments,  a  formula  was  developed 
from  data  for  1932  and  prior  years  wliich  stated  the 
underlying  relationship  discovered.'  The  actual  data 
for  employment  in  nine  segments  are  plotted  in  chart 
XVII,  along  with  the  corresponding  figures  calculated 
from  each  formula.  Agriculture  and  miscellaneous  are 
omitted  because  of  the  fact  that  the  first  shows  little 
variation  from  year  to  year  while  the  second  is  a  catch- 
all of  mixed  elements  for  which  only  crude  data  could 
be  found.  The  closeness  of  fit  of  the  calculated  to  the 
actual  in  most  cases  presented  is  clear,  while  the  agree- 
ment between  actual  and  calculated  in  the  years  sub- 
sequent to  the  period  on  wliich  the  fornndas  are  based 
is  evidence  pointing  toward  the  reliability  of  the  for- 
mulas. The  poor  fit  obtained  for  Federal  Government 
indicates  the  unrehabUity  of  that  particular  formula. 
For  the  three  segments,  Federal  Government,  agricul- 

'  Given  in  the  Appendix  and  in  footnotes  to  table  I. 


ture,  and  construction,  new  formulas  were  developed 
using  data  after  1932.  These  new  formulas  are  believed 
to  be  somewhat  more  reUable  than  those  first  derived; 
but  since  they  have  not  been  properly  tested  by  time, 
they  cannot  be  regarded  as  overly  reliable.  They  are 
used  for  want  of  better  formulas  in  constructing  the 
resource-use  patterns  given  below  in  the  belief  that  they 
will  not  introduce  serious  error  in  the  total  picture. 
The  methods  for  developing  them  are  given  in  the 
Appendix. 

These  formulas  covering  each  segment  of  the  economy 
have  been  used  to  construct  the  patterns  of  resource 
use  on  the  basis  of  1938  trend  values.  The  resulting 
patterns  are  given  in  table  I,  which  shows,  for  a  scries 
of  different  levels  of  consumer  buying  power,  the  man- 
power which  would  be  likely  to  be  required  in  each 
segment.  These  patterns  will  later  be  compared  with 
the  patterns  based  on  the  analysis  of  81  segments  which 
follow. 

When  the  American  economy  is  broken  down  hi  to  the 
81  segments  indicated  in  chart  XVI  and  each  segment 
analyzed,  a  large  proportion  of  the  analyses  disclose  a 
significant  degree  of  continuity.  The  continuity  or  lack 
of  continuity  underlying  these  segments  is  indicated  in 
charts  XXI  to  LVI,  beginnmg  on  page  39,  which  show 
the  actual  figures  of  consumption  and  employment  in 
each  segment  and  the  corresponding  figures  calculated 
from  the  formula  developed.  The  charts  also  show  the 
difference  between  the  actual  and  calculated  stated  as 
a  percent  of  the  calculated.  With  the  exception  of  a 
few  cases,  the  formula  has  been  worked  out  using  data 
only  through  1932  and  the  extrapolation  into  the  subse- 
quent years  constitutes  one  of  the  tests  for  its  reliability. 

The  formulas  resulting  from  these  analyses  have 
been  classified  into  four  groups  according  to  their 
reliability.  Group  A  includes  only  those  formulas 
wldch  are  regarded  as  reasonably  reliable.  A  formula 
was  classed  in  group  A  only  if  the  differences  between 
the  actual  and  calculated  values  were  small. ^  Tliirty- 
two  percent  of  the  analyses  fall  in  group  A. 

Group  B  consists  of  those  analyses  in  which  the 
data  used  were  regarded  as  reasonably  reliable  but  in 
which  the  formulas  obtained  did  not  fit  the  subsequent 
years  so  well,  yet  could  be  made  to  fit  by  a  small  altera- 
tion in  the  formula,  such  as  a  change  in  the  slope  of 
the  time  trend  or  a  change  from  an  addative  to  multi- 


'  In  technical  terms  a  formula  was  classed  in  group  A  only  if  the  coefficient  of  varia- 
tion was  less  than  4  percent  and  if  no  error  (expressed  as  a  percent  of  the  mean)  in 
e.\trapolation  in  any  year  was  greater  than  1.5  times  the  coefficient  of  variation. 
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Patterns  of  resource  use  applicable  to  the  future  have 
been  worked  out  in  two  quite  different  degrees  of  detail. 
For  one  set  of  patterns  the  whole  American  economy 
has  been  divided  into  only  11  segments,  while  for  the 
second  set  it  has  been  further  subdivided,  giving  81  seg- 
ments in  all.  The  two  sets  of  patterns  should  act  some- 
what as  a  cross  check  on  one  another.  The  second  set 
with  its  greater  detail  should  give  a  more  reliable  sum- 
mation than  the  first,  even  though  in  detail  it  is  at  many 
points  less  reliable. 

As  a  basis  for  constructuig  the  first  set  of  patterns, 
an  effort  was  made  to  discover  continuity  in  each  of  the 
11  segments  shown  in  chart  XV.  For  the  segments 
representing  State  and  local  governments,  minerals, 
manufacturing,  trade,  railroad,  other  utility,  con- 
sumer service,  and  miscellaneous,  analysis  disclosed 
very  clear  continuity  in  underlying  relationships.  For 
the  large  agricultural  segment,  no  very  clear  continuity 
of  relationships  was  discovered,  but  as  both  agricultural 
employment  (including  self-employed)  and  consump- 
tion of  farm  products  have  been  relatively  stable  except 
for  Government  crop  control,  the  failure  to  discover  a 
high  degree  of  continuity  in  underlying  relationships  is 
less  significant  for  the  piu'pose  in  hand  than  would  be  the 
case  in  a  segment  showmg  greater  variability.  For  the 
construction  segment,  only  rough  contumities  were 
discovered,  making  the  projecting  of  past  relationship 
into  the  future  a  less  dependable  procedure  than  in  the 
other  segments.  The  activity  of  the  Federal  Govern- 
ment shows  a  clear  case  of  discontinuity,  being  to  a 
greater  degree  a  matter  of  variable  national  policy. 

For  each  of  these  segments,  a  formula  was  developed 
from  data  for  1932  and  prior  years  wliich  stated  the 
underlying  relationship  discovered.'  The  actual  data 
for  employment  in  nine  segments  are  plotted  in  chart 
XVII,  along  with  the  corresponding  figures  calculated 
from  each  formula.  Agriculture  and  miscellaneous  are 
omitted  because  of  the  fact  that  the  first  shows  little 
variation  from  year  to  year  while  the  second  is  a  catch- 
all of  mi.xed  elements  for  which  only  crude  data  could 
be  found.  The  closeness  of  fit  of  the  calculated  to  the 
actual  in  most  cases  presented  is  clear,  while  the  agree- 
ment between  actual  and  calculated  in  the  years  sub- 
sequent to  the  period  on  which  the  formulas  are  based 
is  evidence  pointing  toward  the  reliability  of  the  for- 
mulas. The  poor  fit  obtained  for  Federal  Government 
indicates  the  unreUabihty  of  that  particular  formula. 
For  the  three  segments,  Federal  Government,  agricul- 

•  Given  in  the  Appendix  and  in  footnotes  to  table  I. 


ture,  and  construction,  new  formulas  were  developed 
using  data  after  1932.  These  new  formulas  are  believed 
to  be  somewhat  more  rchable  than  those  first  derived; 
but  since  they  have  not  been  properly  tested  by  time, 
they  cannot  be  regarded  as  overly  reliable.  They  are 
used  for  want  of  better  formulas  in  constructing  the 
resource-use  patterns  given  below  in  the  belief  that  they 
will  not  introduce  serious  error  in  the  total  picture. 
The  methods  for  developing  them  are  given  m  the 
Appendix. 

These  formulas  covering  each  segment  of  the  economy 
have  been  used  to  construct  the  patterns  of  resource 
use  on  the  basis  of  1938  trend  values.  The  residting 
patterns  are  given  in  table  I,  which  shows,  for  a  series 
of  different  levels  of  consumer  buying  power,  the  man- 
power which  would  be  likely  to  be  required  in  each 
segment.  These  patterns  will  later  be  compared  with 
the  patterns  based  on  the  analysis  of  81  segments  which 
follow. 

When  the  American  economy  is  broken  down  into  the 
81  segments  indicated  in  chart  XVI  and  each  segment 
analyzed,  a  large  proportion  of  the  analyses  disclose  a 
significant  degree  of  continuity.  The  continuity  or  lack 
of  continuity  underlying  these  segments  is  indicated  in 
charts  XXI  to  LVI,  begmning  on  page  39,  which  show 
the  actual  figures  of  consumption  and  employment  in 
each  segment  and  the  corresponding  figures  calculated 
from  the  formida  developed.  The  charts  also  show  the 
difference  between  the  actual  and  calculated  stated  as 
a  percent  of  the  calculated.  With  the  exception  of  a 
few  cases,  the  formula  has  been  worked  out  using  data 
only  through  1932  and  the  extrapolation  into  the  subse- 
quent years  constitutes  one  of  the  tests  for  its  reliability. 

The  formulas  resulting  from  these  analyses  have 
been  classified  into  four  groups  according  to  their 
reliability.  Group  A  includes  only  those  formulas 
wliich  are  regarded  as  reasonably  reliable.  A  formula 
was  classed  in  group  A  only  if  the  differences  between 
the  actual  and  calculated  values  were  small. ^  Thirty- 
two  percent  of  the  analyses  fall  in  group  A. 

Group  B  consists  of  those  analyses  in  which  the 
data  used  were  regarded  as  reasonably  reliable  but  in 
wliich  the  formulas  obtained  did  not  fit  the  subsequent 
years  so  well,  yet  could  be  made  to  fit  by  a  small  altera- 
tion in  the  formula,  such  as  a  change  in  the  slope  of 
the  time  trend  or  a  change  from  an  addative  to  multi- 


>  In  technical  terms  a  formula  was  classed  in  group  A  only  if  the  coefficient  of  varia- 
tion was  less  than  4  percent  and  if  no  error  (expressed  as  a  percent  of  the  mean)  in 
extrapolation  in  any  year  was  greater  than  1.5  times  the  coefficient  of  variation. 
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CHART    XVII 

ACTUAL    AND   CALCULATED    MANPOWER  FOR   NINE   SPECIFIED    SEGMENTS 

1919   -  1932,  EXTRAPOLATED     BEYOND    1932 
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plicative  form.'  Here  the  lorimila  which  is  actually 
used  for  calculating  the  figures  in  the  patterns  of 
resource  use  is  not  based  solely  on  the  material  ending 
in  1932,  but  relies  to  some  extent  on  the  data  for  sub- 
sequent years.  For  this  reason  the  resulting  formula 
cannot  be  regarded  as  sufficiently  tested  to  justify 
its  inclusion  in  group  A.  Approximately  4  percent  of 
the  analyses  fall  into  this  group. 

Group  C  included  the  47  percent  of  the  cases  in  which 
the  umierlj'ing  data  were  regarded  as  reasonably 
reliable  and  in  which  clear  indications  of  underlying 
continuity  were  obtained  but  in  which  the  formula 
either  did  not  fit  the  data  from  which  it  was  derived 
or  the  data  in  the  years  of  extrapolation  sufficiently 
closely  to  meet  the  rather  rigid  requirements  set  up 

'  To  be  included  in  group  B,  the  revised  formula  must  lit  the  data  through  1932 
with  as  low  a  coefficient  of  variation  as  is  re(iuired  in  the  case  of  group  A  and  the 
errors  of  extrapolation  must  likewise  be  as  low  as  those  for  group  A.  The  only  dif- 
ference between  group  A  and  group  B  results  from  the  minor  alteration  of  the  formula 
in  the  light  of  the  data  subsequent  to  1932. 


for  groups  A  and  U.  These  segments  require  inten- 
sive work  in  the  future.  The  analyses  for  group  C 
are  included  ifi  this  report  because  they  are  relatively 
reliable. 

Group  D  includes  the  10  percent  of  the  cases  in  which 
the  underlying  data  were  regarded  as  reasonably  reli- 
able anil  fairlj-  clear  evidences  of  discontinuity  were 
found. 

Group  K  includes  the  7  percent  of  the  cases  in  which 
the  data  were  regarded  as  so  unreliable  that  the  re- 
sulting formulas  are  not  themselves  particularly  reliable 
regardless  of  their  fit.  It  is  a  striking  comment  on 
the  continuities  underlying  economic  activity  that, 
with  very  few  exceptions,  where  the  data  were  reliable, 
the  clear  indications  of  continuitj'  were  discovered; 
whereas  in  the  cases  where  the  data  themselves  were 
classified  as  unreliable  prior  to  the  effort  to  discover 
continuity,  less  evidences  of  underlying  continuity 
were  apparent.     In  calculatmg  the  pattern  of  resource 


Table  I. — Patterns  of  resource  use  for  the  American  economy — employment  for  11  segments 

Actual  values  for— 

Assumed  values 

1929 

1935 

65.3 
119 

56.9 
90 

50 
68 

60 
90 

70 
113 

80 
139 

90 
166 

100 

195 

Actual  patterns  of  re- 
source use  for— 

Calculated  patterns  of  resource  use,  assuming  1938  trend 

values 

1929 

1935 

(Figures  in  thousands  of  equivalent  full-time  workers) 

580 
1.237 
1,846 
3,657 
7,021 
9,888 
1,067 
9,999 
7,399 
1,643 
2,390 

790 
1,241 
1,113 
3,202 
6,662 
9,925 

745 
8.512 
6,572 

719 
2,030 

940 
1,381 

892 
3,380 
7,310 
10.  100 

640 
6.750 
6,060 
1,062 
2,012 

940 
1,416 
1,059 
3,646 
7.870 
10.100 

760 
8.470 
6.910 
1.271 
2.249 

940 
1,448 
1,236 
3,913 
8.430 
10.  lOO 
900 
9.800 
7.770 
1.452 
2.357 

940 
1,481 
1,420 
4,180 
8,990 

10,100 
1,030 

10.970 
8.630 
1,605 
2.538 

940 
1,615 
1.607 
4,  346 
9.650 

10.  100 
1.100 

11.960 
9.490 
1,742 
2,776 

940 

1,548 

1,808 

Other  utilities  • 

4,713 

10, 110 

10,100 

1,300 

12,760 

Trade"                    

11,340 

1,862 

3,158 

Total                                                                       -  .    

46,  627 

41,411 

40,617 

44,690 

48,346 

61,884 

65, 186 

58, 629 

Available  manpower— estimate  for  1938:  54,500.000.  See  table  I  of  Appendix  2. 
Estimated  by  projecting  the  estimates  of  labor  force  of  the  National  Research  Project, 
Works  Progress  AdminLstration,  according  to  the  average  annual  rate  of  growth 
shown  by  the  data  for  recent  years,  i.  e.,  600,000  additional  per  year. 

'  For  the  1929  and  1935  values  see  table  I  of  Appendix  2;  the  other  values  are  assumed. 

'  For  the  1929  and  1935  values  see  table  I  of  Appendix  2;  the  other  values  are  com- 
puted from  the  relation— 

„.    (consumer  income)'"" 


Industrial  production^O  2004  (O.gSST)"—"" 


(1923-25=100) 


(Billions  of  1936  dollars) 


derived  using  the  data  for  the  years  1919-36. 

•  Calculated  values  are  based  on  the  results  of  the  analysis  given  in  summary  la  of 
Appendix  2. 

<  Calculated  values  derived  from  the  formula  given  in  summary  2a  of  Appendix  2. 

'  Based  on  the  formulas  given  in  summaries  9a,  9b,  and  9c  of  Appendix  2  and  the 
formula  connecting  total  railroad  employment  to  man-hours  in  class  I  railways: 
Total  employment  =  354. 100-6,084  (year-1926)  -f0.0003471  (employee-hours  in  class  I 
railways) ,  using  the  data  for  the  years  of  the  period  1919-36. 

•  Includes  the  following  industries:  Manufactured  gas,  telegraph,  telephone,  elec- 
tric light  and  power,  post  office,  banking,  finance,  real  estate,  auto  transport,  and 
other  transport.     Values  are  calculated  from— 

Employment_  -,  „  (consumer  income  average  of  current  and  previous  year) ,  ~>o  04 
(thousands)  ~°"'-''*  (Billions  of  1936  dollars)  -r«i.>.oi. 

'  Calculated  from  the  regression— 

i'.«„i„„™„„f  (consumer  income  average  current 

Employments^  ,j2  ^^^  preceding  year)  -t-0.07  (year-1928), 

(millions)  (BUlions  of  1936  dollars) 

using  the  data  from  1923-32.    Income  used  for  1937  is  68  billions  of  1936  dollars. 


=96- 


-3.18  (year-1927)-H.19  "°^Ti«9?!2'5='?mi"™'' 


(1923-26  =  100) 


8  See  the  discussion  in  Introduction  of  Appendix  2. 

'  Based  on  the  relationship  between  man-days  for  all  mining  as  given  by  the  Bureau 
of  Mines,  Minerals  Yearbooks,  and  industrial  production- 
Calculated  man-days_    -„  „  ,  ,  loo  (industrial  production)  ,,„  ,,  ,«  so<i')\,,,r-i(ii 
(Millions)  --lv.b-\-i.\.i6         (1923-25  =  100)        -ti^a  i.u.rxoi)' 

using  the  data  from  1919-32. 

Employment  calculated  by  using  an  average  days  worked  for  the  different  levels 
of  industrial  production;  the  average  days  worked  is  given  by — 

Calculated 
(average  days  worked) 

based  on  the  years  1927-36. 
10  Based  on  formula- 
Total  employment_,K  o    „  n,  (industrial  production)  »i»' 
(Millions)         "'"'•°    '•'■"'  (1923-26  =  100) 

using  the  data  for  the  years  1922-1932. 
"  Based  on  the  formula— 

Employment_,  70  ,  nnmi;         (consumer  income)     . 
(MiUions)   -l-'o-i-uosss     (Billions of  1936  dollars) 

"See  remarks  en  construction  in  Introduction  of  Appendix  2;  also  footnote  of  the 
construction  segment  of  table  II  of  the  body  of  report. 
"See  summary  80()a  in  Appendix  2. 
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use,  the  analyses  falling  into  group  E  have  been  used 
for  the  same  reason  as  those  falling  in  group  C  though 
the  resulting  patterns  of  resource  use  cannot  be  re- 
garded as  having  the  same  degree  of  reliability  in  these 
segments  as  for  other  segments. 

On   the  basis  of  the  formulas  derived  from   these 
analyses  and  using  trend  values  for  1938,  patterns  of 


resource  use  have  been  developed  and  are  presented  in 
table  II.*  In  this  table  6  patterns  are  presented  giving 
consumption  and  employment  for  each  of  the  81  seg- 
ments corresponding  to  each  of  6  different  levels  of 
consumer  income,  ranging  from  50  to  100  billions  of 

'  If  trend  values  tor  any  other  year,  say  1940,  had  been  used,  the  resulting  patterns 
would  have  been  dilTerent  due  to  the  gradual  changes  taking  place  through  tlm« 
which  are  reflected  in  the  formulae  by  the  time  factor. 


Table  II. — Patterns  of  resource  use  for  the  American  economy  consumption  and  employment^  for  81  segments 


Code 
No. 


Actual  values  for 


1935 


Assumed  values 


la 
2a 
3a 

4 
4b 
4a 

5 
5b 
5a 

6 
6b 
6a 

7 
7b 
7a 


9b 
9c 


10a 
lla 


101 
101b 
lOla 

102 
102b 
102a 

103 
103b 
103a 

104 
104b 
104a 

105 
105b 
105a 

106 
106b 
106a 

107 
107b 
107a 

108 
108b 
108a 
lOOa 

110 
UOb 
110a 

111 
lUb 
Ilia 

112 
112b 
112a 
.  113 
113b 
113a 

114 
114b 
114a 

lis 
llSb 
llSa 

116 
H6b 
116a 


Consumer  income  '  (billions  of  1936  dollars) 

Corresponding  industrial  production  '  (19^25= 


lOO). 


SERVICES   TO   THE   ECONOMY 

Federal  Qovernment:  Employment '  (thousands) 

State  and  local  government:  Employment  (thousands) 

Banking  and  finance:  Employment'  (thousands) 

Post  office: 

Consumption  '  (deflated  revenue,  millions  of  1929  dollars) 

Employment'  (thousands) 

Telephone: 

Consumption  (index  of  connections,  1920=100) 

Employment'"  (thousands) 

Telegraph: 

Consumption  "  (millions  of  equated  messages) --- 

Employment ''  (thousands) __- -., 

Electric  liglit  and  power: 

Consumption  (billions  of  kilowatthours) 

Employment  "  (thousands) — — . 

Manufactured  gas:  Employment  (thousands) 

Railroad  transportation: 

Passenger  traflic,  class  I  railways  "  (billions  of  revenue  passenger-miles) - 

Freight  tnilHc,  class  I  railways"  (billions  of  net  ton-miles) 

Total  employment,  all  classes  '•  (thousands) 

Auto  transportation;  Employment  (thousands) _ 

Transportation:  Other  than  auto  and  railroad — employment  (thousands)... 

MANUFACTUEINO 

Butter,  cheese,  condeneed  milk,  ice  cream: 

Consumption  (indei  of  deflated  value,  1929=100) 

Employment  (thousands) _ 

Meat  packing: 

Consumption  "  (millions  of  pounds— monthly  average) 

Employment  (thousands) 

Flour  nulling: 

Consumption  (index  of  deflated  value,  1929=100) 

Employment  '•  (thousands) 

Canning  and  preserving: 

Consumption  (millions  of  pounds) - 

Employment  "  (thousands) 

Tobacco,  manufacturing: 

Consumption  (index  1933-25=100) 

Employment  (thousands) _. 

Sugar— extracting  and  reflning: 

Consumption  •«  (millions  of  gross  tons) 

Employment  it  (thousands) — 

Leather— tanned,  curried  and  finished: 

Consumption  "  (deflated  value,  millions  of  1929  dollars) 

Employment  "  (thousands) 

Bread  and  other  bakery  products: 

Consumption  (index  of  deflated  value,  1929=100) 

Employment  (thousands) - ;.. 

Other  foods:  employment  (thousands) 

Confectionery  and  chocolate; 

Consumption  "  (index  of  deflated  value,  1929=100) 

Employment  (thousands) 

Boots  and  shoes; 

Coa'sumption  "  (deflated  value,  millions  of  1926  dollars) 

Employment  (thousands) 

Leather  products  other  than  leather  and  boots  and  shoes; 

Con>;iimptinn  ••  (deflated  value,  millions  of  1926  dollars) 

Employment  (thousands) 

Woolen  and  worsted  poods; 

Consumption  (index  of  deflated  value,  1929=100) 

Employment  (thousands) , 

Cotton  textiles: 

Consumption  "  (index  of  consumption  of  raw  cotton,  1923-25=100) 

Employment  "  (thousands) 

Silk  and  rayon  goods: 

Consumption  »  (index  of  deflated  value,  1929=100) 

Employment  (thousands) 

Rayon: 

Consumption'"  (millions  of  pounds) 

Employment  (thousands) 


65.3 
119 


56.  ( 
90 


50 


70 
113 


80 
139 


90 
166 


100 
195 


Actual  patterns  of 
resource  use  for ' — 


1929 


580 
1,237 
1,185 

701 
282 

185 
427 

240 
96 

97.4 
272 


3L1 

492 

,846 

741 

690 


100 
62 


1,058 
122 


100 
27 


4,096 
112 


134 
116 


6.81 
24 


50 

100 
201 
130 

100 

70 

930 
206 

459 
63 

100 
147 

114 

425 

lOO 
130 

131 


Calculated  patterns  of  resource  use  assuming  1938  trend  values  > 


790 
1,241 
1,097 

527 
260 

156 
292 

170 

70 


231 
51 

18.5 
311 
1.113 

755 
447 


49 


117 


4,753 
130 

135 
90 

5.34 
26 

354 
51 

91.7 
218 
171 

96.9 
60 

636 
202 

341 
58 

91 
158 

91 
369 

103.7 
126 

253 
61 


940 
1,381 
1,122 

575 
282 

184 
336 

171 
91 

116.0 
277 
42 

14.4 
237 

906 


95.9 
48 

1,023 
126 

81.8 
24 

4,133 
87 

139 
64 

5.19 
24 

120 
29 

98.  6 
238 
164 

79.1 
32 

540 
168 

250 
42 

56 
70 

79 
236 

134 
101 

372 
45 


940 

1,415 
1.173 

940 

1,448 
1,224 

940 
1,481 
1,275 

940 
1,515 
1,326 

614 
282 

653 
282 

692 
282 

730 
282 

197 
348 

210 
360 

223 
372 

236 
384 

201 
98 

230 
100 

259 
113 

287 
119 

123.5 
288 
49 

131.2 
301 
57 

139.1 
314 
64 

147.1 

328 

71 

18.0 

315 

1,079 

908 

430 

21.9 

400 

1,263 

955 

471 

25.9 
493 
1,468 

1,000 
518 

30.0 
690 
1,652 
1.045 
562 

103.3 
51 

110.4 
54 

117.5 
67 

124.7 
60 

1.033 
127 

1,059 
131 

1,125 
142 

1,208 
155 

83.2 
25 

84.3 
26 

85.5 
25 

86.5 
26 

4,766 
103 

5,400 
119 

6,033 
135 

6,666 
151 

155 
71 

171 

77 

185 
S3 

199 
89 

5.66 
25 

6.10 
25 

6.50 
26 

8.87 
26 

272 
39 

380 
46 

460 
52 

520 
56 

106.2 

255 

202 

113.8 

271 

240 

121.5 

288 

278 

129.1 

304 

318 

94.2 
39 

109.1 
46 

124.2 
S3 

139.0 
60 

640 
185 

738 
20O 

838 

215 

933 
229 

326 
51 

408 
61 

497 
70 

690 
•  80 

68.9 
91 

82.2 
114 

95.7 
139 

109.4 
166 

96 
305 

113 

379 

130 
449 

147 
519 

168 
117 

203.4 
132 

239.2 
148 

277.9 
162 

372 
45 

372 
45 

372 
45 

372 
45 

940 
1,548 
1,377 

766 
282 

249 
396 

315 

125 

155.4 
340 
79 

34.2 

695 
1,867 
1.089 

606 


131.5 
63 

1,303 
171 

87.8. 
26 


212 
95 


7.23 
26 


319 
358 


154.2 
67 


1,030 
242 


123.6 
194 


164 
588 


317 
177 


372 
45 


See  footnotes  at  end  of  table. 
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Table  II. — Patterns  of  resource  use  for  the  American  economy  consumption  and  employment  for  81  segments — Continued 


MASVTACTiJKiNG— conlinued 
Knit  goods: 

Consumption  (Index  of  deflated  value,  1929=100) 

Empluynji'M  "  (thousands) 

Wearinj;  upi);ircl. 

Cousumpliun  (niilliunsof  1926  dollars) , 

Employ  merit  ^^  (thousands) .__ 

Dyeing  and  flnisliing:  Employment  (thousands) .__ _, 

Other  textiles: 

Consumption  "  (milhons  of  192i!  dollars) 

Employment  ^'  (thousands) 

Paper  ami  pulp: 

Consumption  (ten  thcusand  net  tons) 

Employment  ^i  (thousands) 

Lumber  and  inillvvork: 

Consumption  (millions  of  board  feet) .~ 

Employment  ^^  (thousands) _ _ _ 

Paper  products: 

Consumiition  (millions  of  1926  dollars) - 

Employment  (thousands) 

Furniture  and  related  products: 

Ctinsu nipt  ion  ^'  (millions  of  1926  dollars) 

Employ  men  t  (thousands) _ 

MiscelljtrieiHi.s  lumber  products:  Employment  (thousands) 

Printing  and  publishing,  newspaper  and  periodical: 

Consumption  (index  of  deflated  value,  1929=100) 

Employment  (thousands) 

Printing  and  publishing,  book,  music  and  job: 

Consumption  (millions  of  1936  dollars) _ _ 

Employment  (thousands).. 

Printing  and  publi.shing,  allied  industries: 

Employment  (thousands). - - __. 

Rubber  tires  and  tubes: 

Consumption  3*  (millions  of  weighted  aggregates  of  tires  and  tubes) 

Employment  3«  (thousands) _ 

Rubber  products  other  than  tires  and  tubes: 

Consumption  (deflated  value,  millions  of  1926  dollars) 

Employment  (thousands) .- 

Chemicals: 

Consumption  (index  of  deflated  value,  1929=100) _ 

Employment  (thousands) 

Paints  and  vurnishes: 

Consumption  (index  of  deflated  value.  1929  =  100) - 

Employment  (thousands) _ 

Petroleum  refining: 

Consumption  (millions  of  barrels) _ __ _ 

Employment  (thousands) ___ __. 

Gasoline:  Consumption  *"  (millions  of  barrels) 

Glass: 

Consumption  "  (deflated  value,  millions  of  1926  dollars) 

Employment  ^'  (thousands) _ 

Cement: 

Consumption  ''  (millions  of  barrels) .-. 

Employment  (thousands) 

Clay  products,  other  than  pottery: 

Consumption  "  (index  of  deflated  value.  1929=100) 

Employment  (thousands) _. _ 

Pottery: 

Consumption  (millions  of  1926  dollars) _ 

Employment  (thousands) _ _ 

Marble,  granite  and  stone,  and  other  glass  products,  n.  e.  c:  Employment 

(thousands) - - 

Fertilizer: 

Consumption  "  (millions  of  tons) ._ 

Employment  «  (thousands) _ 

Coke: 

Consumption  *'  (miUions  of  net  tons) _ 

Employment  ^*  (thousands) „_ „ _ 

Iron  and  steel: 

Consumption  (millions  of  gross  tons) 

Employment  *^  (thousands) 

Xonferrous  metals,  other  than  copper,  smelting  and  refining: 

Lead  consumption  (thousands  of  tons) 

Zinc  consumption  (thousands  of  tons) 

Konferrous  metals,  other  than  copper,  lead,  and  zinc:  Consumption  (weighted 
index,  1926  =  100) _ 

Employment: "Smelting  and  reflning  (thousands) 

Copper: 

Consumption  (thousands  of  net  tons) 

Emiilnyment:  5'  Smelting  and  refining  (thousands) 

Iron  and  steel  products: 

Consumption  >'  (millions  of  1926  dollars) 

Employment  J3  (thousands) 

Nonferrous  metal  products:  Employment  (thousands) 

Automobiles: 

Consumption:**  Passenger  car  sales  (thousands) _ 

Consumption :ss  Commercial  car  sales  (thousands) 

Employment  s^  (thousands) _ 

Transportation  equipment,  other  than  automobiles:  Employment  (thousands)... 

Electrical  machinery:  Employment  (thousands) 

Machinery,  excluding  electrical: 

Consumption  (millions  of  1926  dollars) 

Employment  (thousands) 

Miscellaneous  manufacturing  industries:  Employment  (thousands) 


Actual  patterns  of 
resource  use  for  — 


1929 


100 
208 

3.952 
637 
79 

1,533 

181 

1.335 

128 

333 
510 

780 
105 


199 
154 


100 
130 


841 
151 


674 
83 


256 
66 


100 
196 


100 
29 


376 
319.7 


170.7 
33 


ion 

94 


114.3 
35 


•WO 
21 


.11.3 
420 


972 
634 


136.9 
22 


145 

3,000 
461 
279 

3.850 
527 
447 
136 
283 

4.431 
786 
322 


1935 


110.7 
220 

2,965 
674 
75 

1.289 
166 

1.262 
127 

172 
304 

805 
109 

549 
134 
137 

87.4 
119 

711 
127 


466 
57 

250 
58 

90.7 
188 

86.6 
28 

966 

77 

433 


75.4 
21 


36  7 

45 


79.0 
29 


62.2 
17 


26,3 

17 


31.7 
375 


543 
461 


426 
104 

2.310 
3.11 
23S 

3.480 
511 


180 

3,494 
577 
249 


Calculated  patterns  of  resource  use  assuming  193S  trend  viUues 


127.4 
178 

3.404 
500 
72 

1.047 
112 

1,126 
90 

86 
135 


508 
109 


102.4 
118 

697 

no 

67 

398 
36 

213 
40 

86.5 
160 

61.6 
20 

969 
76 
525 

238.2 
40 

114.4 
22 

29.5 

28 

50.5 
17 

31 

71.0 


21,1 
14 

15.7 
163 

369 
282 

71  0 
13 

248 
33 

1,540 
211 
146 

1.300 

320 

197 

45 

105 

1,730 
214 
143 


139.9 
199 

151.5 
218 

162.6 
237 

172.3 
254 

3,890 
570 
84 

4.416 
650 
96 

4.966 
730 
105 

5,546 
820 
118 

1,337 
142 

1.629 
172 

1.950 
206 

2,270 
240 

1,346 
107 

1.566 
129 

1,819 
1,14 

2,061 
182 

151 
222 

219 
312 

296 
410 

376 
512 

847 
99 

1.007 
113 

1,167 
127 

1,330 
141 

740 
160 
119 

1.000 
218 
151 

1.282 
279 
189 

1,029 
356 
224 

115.6 
128 

130.4 
138 

143.6 
148 

159.6 
160 

833 
135 

969 
162 

1.106 
190 

1.243 
218 

74 

81 

88 

95 

521 
47 

622 
66 

723 
65 

812 
74 

266 
68 

317 
89 

373 
109 

428 
125 

107.8 
189 

129.8 
214 

153.3 

24(1 

177.4 
265 

86.2 
26 

110.7 
32 

135.3 
38 

159.9 
44 

1,116 
81 
594 

1.  263 
SO 
6(i5 

1,410 
90 
740 

1.558 

95 

818 

290.4 
47 

341.2 
54 

395.4 
60 

448.7 
67 

142.0 
27 

168.4 
32 

194.6 
37 

220.4 
42 

47.1 
42 

64.3 
67 

92.5 
83 

120.2 
107 

72.6 
24 

98.9 
31 

129,1 
40 

163.3 
50 

50 

76 

1119 

150 

71.0 
17 

71.0 

17 

71.0 
17 

71.0 
17 

31,8 
18 

45.1 
23 

63.0 
2S 

85.0 
33 

31,7 
282 

48.5 
398 

67.4 
515 

,S7.  I 
630 

542 
439 

748 
628 

993 
869 

1.271 
1,148 

129  0 
19 

190.0 
22 

258.1 
24 

329.1 
25 

445 
88 

722 

in 

1,109 
121 

1,608 
130 

2,320 
317 
224 

3,220 
438 
317 

4,340 
589 
434 

5.620 
764 
569 

2,390 

561 

291 

69 

167 

3.640 
885 
395 
98 
247 

6,270 
1,340 

519 
132 
348 

7.280 

1,914 

664 

173 

469 

3,300 
466 
lfi6 

4.880 
695 
2.i3 

6.  450 
920 
318 

8,020 

1,145 

388 

182.0 
271 

6,138 
910 
129 

2.612 
277 

2.314 
210 

462 
608 

1,496 
155 

1.928 
421 
266 

174,4 
170 

1.379 
246 


898 
81 

537 
152 

202.4 
290 

184.5 
50 

1,705 
100 
902 

502.3 
74 

248.0 
48 

154.0 
135 

201.4 
60 

200 

71.0 
17 

112.9 
39 

108.2 
748 

1,585 
1,479 

405.4 
26 

2,252 
130 

7,100 
964 
728 

10, 360 

2,642 

860 

220 

614 

9,600 

1,374 

464 


73674 — 39 3 

See  footnotes  at  end  of  table. 


28 


National  Resources  Committee 


T.\BLE  U.— Patterns  of  resource  use  for  the  American  economy  consumption  and  employment  for  81  segments — Continued 


Code 
No. 


201 
201b 
201a 

202 
202b 
202a 

203 
203b 
203a 

204 
204b 
204a 
205b 
206b 
20«.  la 


301a 
302a 
401a 
500 
500b 
500a 


601a 
602a 
603a 
604a 
605a 
606a 
607a 


800a 
801a 

gooa 


UIKERALS 

Crude  petroleum  and  natural  gas: 

Output"  (thousands  of  wells  drilled) 

EmplojTnont  (thousands) 

Bituminous  coal: 

Consumption  M  (millions  of  net  tons) 

F,mplo>-ment  »•  (thousands) 

Anthracite  coal: 

Consumption  *"  (millions  of  net  tons) -- 

Employment"  (thousands) 

Other  nonmctallic  mining: 

Consumption  "  (index  1929  =  100) 

Employment  '^  (thousjmds) 

Metallic  ores:  Metal  mining,  iron  ore  (consumption,  millions  of  gross  tons). 

Nonferrous  metallic  ores:  Consumption  (millions  of  current  dollars) 

Metal  mining:  Employment  «<  (thousands) - 


Actual  patterns  of 
resource  use  for  — 


1929 


BULK  DISTRIBUTION  AND  CONSTRUCTION 

Wholesale  trade:  Employment  (thousands) 

Business  service:  Employment  (thousands) 

Retail  trade:  Employment  (thousands) 

Construction: 

Consumption  "  (deflated  value,  billions  of  1929  dollars) 

Employment"  (thousands) .-- 

SERVICES  TO  TBE  CONSUMER 

Public  education:  Employment  (thousands) 

Private  education:  Employment  (thousands) 

Professional  service:"  Employment  (thousands)- 

Personal  service:  Employment  (thousands) _ 

Domestic  service:'*  Employment  (thousands) 

Recreation  and  amusement:  Employment  (thousands) 

Miscellaneous  consumers'  services:  P^mployment  (thousands) 

M16CELLANE0CS 

Miscellaneous  Industries:  Employment  (thousands) 

Non-wage-carners  in  mining  and  manu picturing:  Employment  (thousands). 

Agriculture:  •'  Employment  (thousands) 

Employment:  All  segments  "  (thousands)- 

Estimated  available  manpower  for  1938=54,500,000." 


26.4 
140 

520 
460 

71.5 

147 

100 

96 

73.0 
587 
120 


1,670 

260 

5,468 

6.44 
1,543 


1,134 

207 

1,248 

1,617 

2,257 

247 

311 


2,390 

1,733 

9,888 

46,624 


1935 


21.4 
109 

360 
353 

50.0 

78 

74.5 
44 
30.5 
291 
80 


1.350 

252 

4,970 


2.42 
719 


1,152 

207 

1,337 

1,488 

1,823 

232 

324 


2,029 

1,386 

9,925 

41,409 


Calculated  patterns  of  resource  use  assomiDg  1938  trend  values 


20.4 
109 

293 
299 

59.4 
87 

59.4 
33 
6.1 
94 
44 


1,320 

291 

4,530 

4.10 
1,052 


1,245 

232 

1,413 

1,671 

1,470 

197 

366 


2,012 

1,440 

10,  100 

39,461 


23.3 
123 

25.9 
135 

28.6 
147 

31.0 
159 

356 
345 

426 
395 

499 
448 

573 
S02 

66.4 
108 

73.0 
124 

79.1 
140 

W.9 
156 

83.4 
45 
30.9 
247 

69 

109.6 

58 

57.0 
440 

9C 

140.3 

75 

86.4 
693 
136 

173.4 
93 

117.0 
1,002 
179 

1,510 

323 

5,150 

1,620 

356 

5,770 

1,730 

388 

6,390 

1,860 

423 

7,020 

5.89 
1,271 

7.67 
1.452 

9.43 

1,605 

11.18 
1,742 

1,245 

232 

1,430 

1,816 

1,716 

235 

395 

1,245 

232 

1,446 

1.968 

2,023 

273 

425 

1,245 

232 

1,463 

2,113 

2,280 

311 

45) 

1.245 

232 

I.4S0 

2,270 

2,560 

349 

484 

2.249 

1,562 

10,100 

2,357 

1,695 

10,100 

2,538 
1,838 
10,100 

2,776 
1,982 
10,100 

43,388 

47,234 

61.258 

55,634 

33.4 
170 

649 
556 

90.6 
172 

209.9 
113 
149.7 
1,381 
232 


1,960 

457 

7,640 

12.94 

1,862 


1,245 

232 

1.496 

2.415 

2,806 

387 

513 


3,158 

2,148 

10,100 

60,084 


Note.— The  calculated  patterns  for  1938  are  not  all  of  equal  reliability;  see  charts 
XXI-LVI  (or  the  group  letter  indicating  the  degree  of  reUability  of  each  analysis. 

'  In  most  of  the  manufacturing  segments  man-hours  was  used  to  represent  man- 
power and  the  equivalent  full  time  employment  shown  for  such  segments  was  com- 
puted on  the  basis  of  an  assumed  40  hour  week.  For  nonmanulacturing  segments 
the  flgures  shown  are  equivalent  full  time  employment  for  all  persons  engaged.  For 
the  deflnitions  see  National  Income  of  the  United  States,  1919-S5,  1929-35,  p.  30,  Depart- 
ment of  Commerce. 

'  For  the  actual  values  see  table  I  of  Appendix  2;  the  other  values  arc  assumed 
levels  of  buving  iwwer  which  were  used  to  calculate  the  patterns  of  resource  use. 

>  (IIorre.spondinK  industrial  production  values  were  calculated  from  the  assumed 
values  of  values  of  consumer  income  by  use  of  the  formula: 

Calculated  industrial  production  = 
(1923-25=100) 
0.2004  (0.9837)'"'-'"'     (consumer  income)  )'■"•'. 
(Billions  of  1936  dollars       ' 

the  formula  was  obtained  for  the  years  of  the  period  1919-36  by  the  method  of 
least  squares. 

'  The  actual  values  for  1929  and  1935  are  given  in  the  individual  summaries  and 
table  II  of  Appendix  2. 

» The  calcubted  values  are  derived  from  the  formulas  given  in  each  summary 
using  the  assumed  values  of  consumer  income  and  of  the  corresponding  industrial 
production.  Other  assumptions  which  are  made  in  the  calculation  of  the  values 
are  st-ited  in  the  footnotes  corresponding  to  the  segment.  In  many  of  the  manufac- 
turing and  mining  segments  manpower  is  calculated  from  production  and  a  time 
trend;  production  in  turn  is  derived  from  the  calculated  consumption.  Unless 
otherwise  indicated  in  the  footnotes  below,  production  was  taken  equal  to  consump- 
tion (a  discussion  of  this  is  given  in  the  introduction  to  section  II  of  Appendix  2.) 

•  The  value  given  at  each  level  of  consumer  Income  was  obtained  by  projecting 
the  trend  shown  in  employment  for  the  years  1933-36. 

'  Based  on  a  regression  equation  using  the  data  for  the  years  of  the  period  1929-36, 
I.e., 

Calculated  employment =520-1-10.2     (consumer  income). 
(Thousands)  (Billions  of  1936  dollars) 

'  Deflated  index  of  postal  rates  is  assumed  to  be  the  same  as  in  1936. 1.  e.,  195.8. 

•  Deflated  revenue  for  1937  was  calculated  to  be  631  millions  of  1929  dollars  derived 
by  the  formula  given  in  summary  No.  4b. 

i»  Index  of  output  in  1937  was  taken  to  be  195.8  which  was  calculated  from  the 
formula  given  in  summary  No.  5b. 

"  Assumed  real  cost  per  equated  message  66.2  (1936  cents)  for  the  average  of  1937 
and  193S;  this  was  the  same  as  the  average  for  1935  and  1936. 

"  1937  operating  revenue  calculated  as  166.7  hundreds  of  millions  of  dollars  assum- 
ing 66.2  as  the  deflated  revenue  per  message.  Revenue  is  calculated  by  multiplying 
real  cost  per  message  times  cost  of  living  times  number  of  messages. 

"  Output  (or  1937  was  taken  to  be  121.0  billions  of  kilowatt-hours. 

"  The  deflated  revenue  per  passenger-mile  is  assumed  to  be  as  of  1937,  i.  e.,  1.73 
(1936  cents).    Values  calculated  from  regression  using  all  the  data  1920-37. 

Calculated  passenger  mlles=0.4303  (0.9245)"'^'™X 

(Billions) 
(consumer  income)     '■'»"(real  passenger  rates)-'"" 
(Billions  of  1936  dollars)  (Cents) 

"  Industrial  production  for  year  ending  in  September  of  1938  for  the  diflerent  levels 
of  ooQsumer  income  assumed  to  be  the  same  as  for  the  calendar  year.  The  formula 
In  summary  No.  9b  gives  for  the  different  Income  levels  the  following  revenue  net 


ton-miles  (in  billions):  212,  284,  361.  448.  538,  and  637.    Revenue  and  nonrevenue 
net  ton-miles  were  determined  from  the  regression  using  the  data  for  the  years  1920-36: 

Revenue  and  nonrevenue  ton-miles =1.097  (revenue  ton-miles) -t-3. 
(Billions)  (BiUions) 

"  The  formula  given  in  summary  No.  9a  was  used  to  calculate  employee  hours  In 
class  I  railways,  i.  e..  1760,  2240,  2750,  3280,  3820,  and  4400  (million  employee  hours), 
for  the  respective  levels  of  passenger-miles  and  net  ton-miles.  The  employment  for 
all  railways  was  calculated  from  the  following  regression  formula,  using  the  data 
for  the  years  of  the  period  1919-36: 

Persons  engaged=354100-6,084  (year-1926)-|-0.0003471  (employee  hours). 

(Class  I) 

The  total  persons  engaged  are  from  the  Department  of  Commerce  1929-36  and 
spliced  with  the  data  of  the  National  Bureau  o(  Economic  Research,  1920-29. 

1^  Real  price  of  meat  computed  from  a  relationship  between  consumer  income 
and  real  price  of  meat,  i.  e., 


Index  of  real  price  of  meat' 


=  194—27162     (consumer  Income)     -ik". 
(Billions  of  1936  dollars) 


The  values  obtained  for  the  different  levels  of  consumer  income  were  76, 100,  122, 
134,  140,  and  142  on  a  1926  base  deflated  by  cost  of  living  on  a  1936  base. 
Real  nonagricultuial  income  was  computed  from  the  regression: 

Real  nonagricultursl  income=10.6-l-1.36      (consumer  income), 
(1929=100)  (BUlions  of  1936  dollars) 

yielding  the  values  for  1938  of  78.6,  92.2,  105.8,  119.4,  133.0,  and  146.6  (1929=100)  for 
the  various  assumed  levels  of  consumer  income. 

"  To  obtain  more  reliable  values  the  trend  factor  given  in  the  formula  of  the  sum- 
mary No.  103a  was  revised,  using  the  selected  point  method,  to:  0.677-1- 
0.173  (0.9713)""-"";  this  gave  0.730  for  the  value  of  the  trend  factor  in  1938. 

'•  The  production  used  was  calculated  from  consumption  by  utilizing  the  regres- 
sion equation: 

Calculated  production= 1.296  (consumption) -34.048. 
(1919=100)  (1919=100) 

The  calculated  production  values  for  1938  were:  176.0,  208.2.  240.3,  272.6,  304.7.  and 
333.9.    Consumption  for  the  base  year  1919  was  2,557  million  pounds. 
»  Real  retail  price  of  sugar  taken  as  6.60  (1929  cents  per  pound),  the  value  for  1936. 

11  Production  of  cane  sugar  was  calculated  from  the  consumption  of  sugar  by  the 
formula: 

Production  =  -36.2-1-24.6  (sugar  consumption)  -2.43  (year  - 1926) 
(1929=100)  (MiUion  gross  tons) 

derived  from  the  data  for  the  years  1919-32. 

The  number  of  man-hours  per  week  in  the  base  year  1929  was  832,000.  To  th« 
cane  sugar  employment  were  added  12.000  wage  earners  to  cover  the  beet  sugar  refin- 
ing and  the  cane  sugar  production  industries  estimated  on  the  basis  of  the  projection 
to  1938  of  a  time  trend. 

M  The  price  index  for  other  leather  products  was  assumed  to  be  108:  for  boots  and 
shoes  121.3.  the  values  for  the  year  1936.  The  deflated  value  of  consumption  of 
leather  In  1937  was  calculated  as  404  millions  of  1926  dollars,  based  upon  a  consump- 
tion in  1936  of  374  millions  of  1926  dollars. 

"  The  index  of  leather,  tanned,  curried,  and  finished,  was  computed  from  leather 
available  for  consumption  according  to  the  formula: 
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Leather  production=30.9+0.1644  (leather  consiimption)+1.8  {year  — 1932) 
(1923-25=100)  (Millions  1926  dollars)  ' 

derived  from  the  data  for  the  years  1928-35. 

■'  The  real  price  index  was  assumed  to  be  86.3,  approximately  as  In  1936. 

"  Price  assumed  to  be  121.3,  as  of  1936. 

"  The  deflated  price  index  was  taken  to  be  108  (1926=100),  the  value  for  the  year 
1936. 

"  The  rate  of  change  of  the  cotton  goods  price  index  was  taken  as  114,  to  account 
(or  an  assumed  increase  in  prices;  the  deflated  price  of  raw  cotton  was  assumed  to  be 
86.1  (1926=100)  as  in  1936. 

»  Production  was  calculated  from  consumption  using  the  formula: 

Production  =0.954  (consumption)  — 10.2 
(1923-25=100)  (1923-25=100) 

derived  graphically  from  the  data  for  the  years  1921-35. 

»  The  index  of  consumption  for  1937  was  taken  as  103.2  (1929=100)  derived  from 
11  months'  data  from  the  Survey  of  Current  BustJtess, 

'»  Computed  from  a  formula  in  which  all  the  data  1925-36  were  used: 

Calculated  consumption= 102.4  (1.154)»"'-i"'X(1.156)"''«  '•«'»'_ 
(Millions  of  pounds) 

>i  Production  derived  from  consumption  by  the  formula: 

Calculated  production=4. 4+0.960  (consumption) 
(1929=100)  (1929-100)     ' 

The  calculated  values  for  1938  were:  126.7,  138.7,  149.8,  160.5, 169.8,  and  179.1  on  a 
1929  base. 

"  Values  obtained  by  reworking  the  formula  given  in  summary  No.  119a  using  the 
data  1929-35: 


Calculated  manhours=- 
(MUlions/wcek) 


■0.04+0.00591  (deflated  output) 

(Millions  of  1926  dollars) ' 


"  The  2-year  average  of  real  price  for  1938  is  taken  to  be  86.4  (1929=100),  the  value 
for  the  year  1936. 
"  Production  derived  from  consumption  by  means  of  the  formula: 

Production=77.7+0.846  (consumption) +0.047  (I.IOI)""-'"' 
(Millions  of  (Millions  of 

1926  dollars)  1926  dollars) 


■Production  derived  from  consumption  by  the  formula: 


Production 
(1929=100) 


t 


4796-f        (consumption) 

(Ten  tlioustind  net  tons) 


T 


"  Production  derived  from  consumption  by  the  formula; 

Production=4. 7+1.023  (consumption) 
(Millions  of  (Millions  of 

board  feet)  board  feet) 

derived  from  the  data  for  the  years  1920-35. 

8^  The  construction  values  used  for  the  different  levels  of  consumer  income  were 
derived  from  the  formula  given  in  summary  No.  500a.  The  values  of  construction 
in  billions  of  1929  dollars  were:  4.10,  5.89,  7.67,  9.43,  11.18,  and  12.94. 

38  (lihange  in  registrations  was  obtained  from  the  consumer  income  by  the  formula; 

Change  in  registration=7.263— 694.6  (consumer  income)-'-"" 
(Millions)  (Billions  of  1936  dollars) 

3»  The  production  index  is  obtained  from  the  estimates  of  domestic  shipments  of 
tires  and  tubes  according  to  the  formula; 

Production  index=— 1+.21  (shipments— weighted  aggregate) 

(Millions) 

derived  graphically  from  the  data  for  the  years  1923-36.    The  values  of  the  produc- 
tion index  so  obtained  were  83,  108,  130,  161,  170,  and  188  for  the  respective  levels  of 
consumer  income. 
*•  Equated  cars  were  calculated  from  the  relationship: 


Equated  cars=208 
(Ten  thousands) 


-1209  (0.9101)»"-i"'+44  (consumer  income) 
(Average  current  and 
2  previous  years) 


"  The  deflated  price  of  glass  was  taken  to  be  1 14.6,  the  value  for  the  year  1936. 

"  Net  exports  assumed  to  be  3.0  milUons  1926  dollars,  to  be  added  to  consumption 
to  obtain  production. 

"  Construction  values  for  1938  were  calculated  from  the  formula  given  in  summary 
No.  500a. 

"  Construction  values  for  1938  derived  from  the  formula  given  in  summary  No.  600a. 

"  Cash  crop  income  for  1937  was  taken  as  76.3  (1924-29  =  100);  prices  paid  by  farmers 
for  1937  as  131  (1909-14  =  100);  deflated  cash  crop  income  for  1937  as  92.1  (1929  =  100). 
The  ratio  of  prices  received  to  prices  paid  for  1938  was  taken  to  be  94  (1909-14  =  100), 
the  value  for  the  year  1937. 

*•  Production  was  calculated  from  the  relation; 

Production     =2.4+1.20      (consumption)  —0.49  (year- 1926) 
(Millions  of  tons)  (Millions  of  tons) 

derived  graphically  from  the  data  for  the  years  1920-3f). 

<'  Coke  consumed  for  domestic  purposes  calculated  by  assuming  price  ratio  of 
coke  to  coal  for  1938  to  be  the  same  as  the  average  for  the  period  1928-35,  viz.,  86.5 
(1923-25=100).  See  summary  136c.  The  calculated  values  of  coke  consumed  for 
industrial  purposes  are  2.6,  11.2,  23.1,  40.2,  62.3,  91.4  millions  of  tons.  See  summary 
No.  136b.  Pig  iron  production  is  calculated  from  iron  and  steel  production  by  the 
formula: 

Calculated  production  of  pig  iron  = 
(Millions  of  gross  tons) 

4.9+0.330  (iron  and  steel  production)-1.10  (year-1926) 
(1923-25=100) 

using  the  data  for  the  years  1925-32.    Iron  and  steel  production  is  calculated  as  de- 
scribed in  footnote  No.  49. 
**  Coal  consumed  in  the  manufacture  of  coke  was  derived  from  the  formula: 

Calculated  coal  consumed=2.2+1.602  (coke  consumed  for  all  purposes) 
(MilUons  of  tons)  (Millions  of  net  tons) 


••  Production  of  iron  and  steel  derived  from  consumption  from  the  relation: 

Calculated  production=2.746  (0.993)""-""X      (consumption)"-"" 
(1923-25  =  100)  (Millions  of  gross  tons)' 

Consumption  is  calculated  from  the  following  formula,  using  all  of  the  data  1923- 
1936; 

(Calculated  consumption)  =33.81+0.0(M5  (year-1930)+0.72800  (industrial  production) 
(Millions  of  gross  tons)  (1923-25=100) 

"  Consumption  corresponding  to  the  estimates  of  manpower  was  spread  through 
three  analyses:  Lead  consumption,  zinc  consumption,  and  the  consumption  of  non- 
ferroas  metals  other  than  copper,  zinc,  and  lead.  These  were  combined  into  an  index 
with  constant  weights  based  on  1929  values.  The  weights  used  for  lead,  zinc,  and 
"other"  wore  11.23, 9.18,  and  20.69,  respectively.  This  series  was  reduced  to  a  1926  base 
giving  an  Index  of  "nonlerroas  metals  other  than  copper"  consumed.  The  produc- 
tion index  was  derived  from  this  consumption  index  by  the  formula: 


Calculated  productIon= 
(1929  =  100) 


1.6+0.8546  (consumption  index) - 
(1926=100) 


0.3997  (year-1926) 


ba.sed  on  the  data  for  the  period  1919-32. 
't  Production  calculated  from  consumption  by  the  formula: 

Copper  production  =72+1.982  (copper  consumption) 
(Thousands  of  tons)  (Thousands  of  tons) 

based  on  the  data  for  the  period  1919-32. 

"  The  deflated  price  Index  for  1938  was  taken  to  be  102.5  (1926=100),  the  value  for 
1936.  For  extrapolation  the  formula  was  reworked  using  the  data  for  tile  period 
1919-36  giving: 

Calculated  consumption  =  184  (1.0073)""-"«X(industrlal  production)  i-«"x 
(Millions  of  1926  dollars)  (1923-26  =  100) 

(deflated  price  of  Iron  and  steel  products)-""" 
(1926  =  100) 

"  Production  was  derived  from; 

Calculated  production  =  1.038  (consumption)— 2 
(10  milhons  of  (10  millions  of 

1926  dollars)  1926  dollars) 

yielding  estimates  for  production  for  1938;  158,  239,  332,  448,  681,  and  735  ten  millions 
of  1926  dollars. 

"  The  real  income  of  nonwage-earners,  taken  to  be  42,  49,  57,  65,  73,  and  80  billion 
1936  dollars  for  the  various  levels  of  consumer  income,  obtained  from  the  form  ula 

Real  nonwage-earners'  income=0.7778  (consumer  income)+2.67 
(Billions  of  1936  dollars)  (Billions  of  1936  dollars) 

derived  graphically  from  the  data  for  1919-36.   Wage-earners'  income  was  obtained  by 
subtraction.    The  number  of  cars  7  years  old  and  older  on  January  1,  1938,  was  esti- 
mated from  life  tables  and  registrations  to  be  7,490,000. 
>*  The  commercial  car  sales  (new  car  registrations)  were  derived  from  the  formula: 

Sales    =0.04724X(0.9976)»"'-i»3iy(industrial  production)  i-'"X 
(Thousands)  ^  (1923-26  =  100) 

(number  of  cars  4  years  or  older)  i-'> 
(Millions) 

using  the  data  tor  the  years  of  the  period  1925-36,  omitting  the  years  1927  and  1928. 
The  nu  mber  of  cars  4  years  or  older  was  based  on  a  4-year  life  table  applied  to  commer- 
cial cars  sold  (or  S  previous  years  and  these  subtracted  from  commercial  cars  In  use 
at  the  end  of  the  year.  The  method  used  was  similar  to  that  used  for  passenger 
cars— see  summary  No.  141b. 

w  Production  is  tlie  sum  of  passenger  car  sales,  commercial  car  sales,  and  net  exports. 
Net  exports  are  taken  at  350,000  cars,  the  value  for  the  year  1936. 

"  Assumed  price  of  crude  petroleum  same  as  1936;  55.5  on  a  1926  base:  calculated 
from  the  following  formula,  using  all  of  the  data  for  the  years  of  the  period  1919-1936; 

Calculated  wells  drilled  =  .1391  (1.02)  »•••— '"'^(Industrial  production)  o.i«»x 
(Thousands)  ^       (1923-25=100) 

(crude  oil  prices)  "•"" 
(1926=100) 

"  Assumed  1938  eflSciency  index  64.0  on  a  1920  base,  obtained  by  projecting  trend 
of  efficiency  factor.  Assumed  1938  price  ratio  (coal  and  fuel  oil)  same  as  value  for 
1936;  146.3. 

"  Employment  was  derived  from  man-days  by  the  equation; 


Calculated  employment= 
(Thousands) 


114.5+3.9113  (man-days)  • 
(Millions) 


-0.588  (year-1926) 


1938  figures  for  man-days  were  calculated  to  be  49.1,  60.7,  73.6,  87.1,  100.8,  and  114.8 
millions,  respectively.    Production  was  derived  from  consumption  by  the  formula: 

Underground  productlon=286+1.05  (consumption— 300), 
(MlUIons  of  tons)  (MUlIons  of  tons) 

Calculated  production  for  1938;  279,  345,  418,  495,  573,  and  652  millions  of  tons.  Size 
of  mine  assumed  to  be  the  same  In  1938  as  in  1936;  330  tons  per  mine  per  year. 

'»  Assumed  ratio  of  price  of  coal  to  competing  fuels  in  1938  same  as  in  1936,  103.9 
on  a  1926  base. 

fl'  Wage  earners  estimated  from  man-days  by  the  following  formula: 

Calculated  wage  earners=80+4.7  (man-days-20.0) 
(Thousands)  (Millions) 

Calculated  1938  man-days:  21.6,  25.9,  29.4,  32.8,  36.1,  39.4,  millions  of  man-days, 
respectively.  Production  Is  derived  from  consumption  (shown  in  table)  by  the 
formula: 

Production=44.0+1.07  (consumption— 50) 
(Millions  of  gross  tons)  (MiUIons  of  net  tons) 

"  Construction  values  are  obtained  from  the  formula  shown  in  summary  No.  500a. 

"  The  Index  of  man-hours  (1929=100)  as  calculated  by  the  formula  given  In  sum- 
mary No.  202a  It  35.8,  49.4,  64.7,  83.2,  103.8,  and  126.5  for  the  respective  levels  of  con- 
sumer incoftae.    Wage  earners  were  obtained  from  the  formula: 

Wage  earners=0.9+0.889  (man-hours  Index) 
(thousands)  (1929=100)       ' 
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derived  graphically  from  the  data  (or  the  years  1919-35. 
obtained  from  the  consuiii|)tion  iudex  by  the  formula: 


The  production  indei  is 


Production  indeX' 
(1929=100) 


=  11.5+0.8772  (consumption  index), 
(1929-100) 


derived  graphicallv  from  the  data  for  the  years  1919-35. 

•'  This  set  of  estimates  was  made  by  relating  employment  (wage  earners)  in  all 
metal  mining  to  man-hours  in  all  metal  mining  adding  the  1938  estimates  for  ferrous 
and  nonferrous  metal  mining;  Estimates  for  1938  (millions  of  man-hours): 


Consumer  income  (assumed) . . . 

60 

60 

70 

80 

90 

100 

Iron  mining             .  

7.2 
36.4 

26.2 
82.7 

40.4 
141.0 

55.5 
218.0 

70.2 
311.0 

84.9 

426.0 

4a  a 

107.9 

181.4 

273.5 

381.2 

filO.9 

Employment  was  computed  by  the  formula: 

Calculated  cmployinent=26-f0.402627  (man-hours). 
(Thousands)  (Millions) 

tron  ore  man-hours  was  related  to  production  as  described  in  summary  No.  205a 
and  production  was  derived  from  consumption  of  Iron  and  steel  (as  in  table)  by  the 
ormula: 

Calculated  production  of  merchantable  ore= 
(Millions  of  tons) 

1.141  (iron  and  steel  available  for  domestic  consumption)  i.iiB«t»x(Q,9601)""-"» 
(Millions  of  gross  tons) 


Man-hours  for  nonferrous  metal  mining  were  related  to  production  of  all  nonferrous 
ores  according  to  the  formula  in  summary  No.  20Ca.  Production  of  ore  was  related 
(see  summary  No.  206)  to  all  nonferrous  metal  smi'lted,  by  the  formula: 

Calculated  consumption  of  ore  = 
(Millions  of  dollars) 
22-f0.60698  (production  of  refined  nonferrous  metals)  -11.8694  (year-1926) 
(Millions  of  dollars)  ' 

yielding  the  following  production  estimates  for  1938:  94,  247.  440,  693,  1,002,  and 
1,381  millions  of  dollars.  The  smelting  and  refining  of  all  nonferrous  metals  was 
made  up  of  a  weighted  aggregate  of  refined  copijer  (thousands  of  tonsX360)  and 
"other  nonferrous  metals"  (see  summary  No.  138a)  with  weights  360  and  326  respec- 
tively. 

*i  Cost  of  construction  assumed  to  be  the  same  as  in  1936:  99.1  on  a  1929  base. 

«  Emplo\Tnent  calculated  using  formula  shown  in  summary  Ko.  500b.  Estimated 
values  for  1938:  4.10,  4.89,  7.67,  9.43,  11.18,  and  12.94  billions  of  1929  dollars,  deflated 
value  of  contracts.  The  3-year*moving  average  is  calculated  from  a  linear  relation- 
ship between  deflated  value  of  the  current  year  and  deflated  value  (3-year-moving 
average  using  the  data  for  the  years  1920-34).    The  relationship  is: 

Calculated  deflated  value  (3-year-moving  average)  = 
(Billions  of  1929  dollars) 
0.69-H).8787  (deflated  value  current  year). 
(Billions  of  1929  dollars) 

"  Population  for  1938  is  taken  as  130  million,  the  projection  of  the  trend  shown  in 
previous  years. 

*'  Nonwape-earners'  consumer  income  for  1938  estimates  at  42,  49,  57,  65,  73,  and  80 
billions  of  1935  dollars  derived  as  indicated  in  footnote  54. 

"  Employment  talcen  as  of  1936;  for  a  discussion  of  thissee  introduction  to  Appendix  2. 

:'  Estimated  from  preliminary  unpublished  estimates  of  National  Hesearch  Project 
of  the  Worlis  I'rogress  Administration  by  projecting  according  to  the  average  annual 
rate  of  growth  as  shown  by  the  data  for  recent  years.    See  table  I  of  Appendix  2. 


1936  dollars.'  In  preparing  this  table,  the  assumption 
has  been  made  that  industrial  production  bears  the 
same  relation  to  consumer  income  that  it  has  borne  on 
the  average  in  recent  years.*  Specific  assumptions 
which  have  been  made  at  various  points  as,  for  instance, 
the  ratio  of  fuel  oil  to  bituminous  coal  prices,  are  set 
forth  in  the  footnotes. 

Consumer  income  corresponding  to  fnll  employment. — 
These  two  sets  of  patterns,  based  respectively  on  11 
and  81  segments,  give  an  approximate  basis  for  consider- 
ing the  question  with  which  this  report  begins,  namely, 
what  is  the  level  of  economic  activity  which  would 

•  The  estimates  of  activity  for  the  individual  segments  at  the  lOO-billion-doUar  level 
are  likely  to  be  most  unreliable  since  the  errors  resulting  from  extrapolations  beyond 
existing  data  would  presumably  Increase.  However,  the  estimates  corresponding  to 
this  level  are  given  in  order  to  exaggerate  any  inconsistencies  between  the  series  of 
calculated  values  so  that  they  can  be  more  readily  locatcii.  It  is  to  be  pointed  out  that 
the  estimaUs  derived  from  formulas  for  related  industries  should  be  tested  for  incon- 
sistencies. For  example,  when  the  assumed  consumer  income  is  increased  from  50  to 
100  billion  dollars,  the  figure  for  calculated  production  of  iron  and  steel  increases  from 
15.7  to  108.2  millions  of  gross  tons,  or  by  approximately  seven  times,  whereas  the  con- 
sumption of  iron  ore  increases  from  6.1  to  149.7  millions  of  tons,  or  by  approximately 
24.6  times.  This  discrepancy  may  be  explained  by  the  fact  ttiat  both  pig  iron  and 
scrap  stoel  are  used  in  the  making  of  steel  products  and  that  during  periods  of  depres- 
sion scrap  iron  prices  are  low  compared  to  the  cost  of  making  pig  iron  and  hence  a  small- 
er proportion  of  steel  is  made  from  pig  iron;  on  the  other  hand,  during  periods  of 
prosperity  scrap  Iron  prices  are  high  relative  to  the  cost  of  pig  iron  end  a  larger  propor- 
tion of  pig  iron  is  used  in  steel-making.  The  wider  fluctuation  in  the  production  of 
pig  iron  is  ttius  in  turn  reflected  in  the  wider  fluctuation  of  iron  ore  consumption. 
Another  example  is  that  relating  to  flour  consumption  and  the  production  of  bread 
and  bakery  products.  According  to  the  formula,  w-hen  the  assumed  consumer  income 
Is  increased  from  60  to  100  billions  of  dollars,  the  calculated  flour  consumption  increases 
only  by  7  percent,  whereas  the  production  of  bread  and  bakery  products  increases  by 
about  38  percent.  Here  again  the  discrepancy  can  be  explained  in  [lart  by  the  fact 
that  the  production  of  bread  and  bakery  products  includes  only  the  manufactured 
products,  and  no  account  is  taken  of  the  bread  and  bakery  products  made  in  the 
homes.  Since  it  may  be  presumed  that  when  the  consumer  income  is  low,  more 
home-made  bread  Is  consumed,  it  would  thus  appear  that  while  the  consumption  of 
flour  would  be  relatively  stable,  the  consumption  of  manufactured  bread  and  bakery 
products  would  fluctuate  considerably  with  depression  and  prosperity.  It  can  be 
further  explained  by  the  fact  that  the  index  of  production  of  bread  and  bakery  prod- 
ucts includes  both  bread  and  such  products  as  cakes  and  cookies  which  use  less  flour 
in  proportion  to  their  value  than  docs  bread.  Presumably  the  production  of  this 
type  of  product  is  more  influenced  by  changes  in  consumer  income  than  is  bread. 
Such  inconsistencies  as  these  require  investigation  and  in  each  case  it  is  important 
to  determine  whether  the  inconsistencies  can  be  explained,  or  whether  they  are  due 
to  faulty  formulae  or  analyses. 

*  The  corresponding  figures  of  consumer  income  and  industrial  production  and  the 
formula  used  in  relating  them  are  given  in  table  II. 


absorb  practically  the  whole  of  the  great  army  of  imem- 
ploycd.  A  step  toward  answering  this  question  can  be 
taken  by  comparing  the  emploj^ment  indicated  at  the 
different  levels  of  consumer  income  with  the  total  man- 
power available.     Such  a  comparison  is  made  in  chart 

XVIII.  The  solid  line  in  the  center  of  the  chart 
represents  the  total  employment  which  would  be  called 
for  at  difTorent  levels  of  consumer  income  as  estimated 
from  the  antilysis  of  1 1  segments,  while  the  dotted  line 
represents  the  total  employment  at  different  levels  as 
estimated  from  the  81  segment  analysis  using  1938 
trend  values.  In  both  cases,  the  estimates  are  based  on 
a  40-hour  work  week.  The  results  of  the  two  different 
analyses  coincide  fairly  closely  •ndth  each  other  and  with 
the  results  obtained  from  the  analysis  shown  in  chart 

XIX,  in  which  the  whole  economy  is  treated  as  a  single 
segment.'  Presumably  the  analj'sis  based  on  81  seg- 
ments is  the  more  reliable.  The  latter  runs  from  a 
total  employment  equivalent  to  the  full-time  activity  of 
only  39.5  million  persons  at  a  consumer  income  of  50 
billion  dollars  (193G  dollars)  to  60.1  million  people  at 
a  consumer  income  of  100  billion. 


'  Total  employment  in  the  economy  and  consumer  income  are  related  by  the 
following  regression  obtained  from  the  data  given  in  table  I  of  Appendix  2  for  the 
years  of  the  period  1921-36: 

Calculated  employment  =  18  17-0  2132  (year-1927)  -1-0.4371  (consumer  Income) 
(Millions,  full-time  (Billions  of  1938  dollars) 

equivalent) 
The  average  percent  residual  (actual  less  calculated  employment  expressed  as  a  per- 
cent of  the  calculated)  for  the  period  considered  is  0.9  percent,  with  the  absolute 
maximum  of  1 .7  percent  occurring  in  1922.  The  following  table  gives  a  comparison  by 
three  methods  of  approach  of  the  employment  calculated  for  diflerent  levels  of  con- 
sumer income  using  the  value  for  1938  for  the  time  factor: 


Consumer  income  (billions  of  1938  dollars).. 

SO 

60 

70 

80 

90 

100 

(Emploj-ment  in  millions) 

Employment  calculated  from  11  segment 

40.6 
37.7 
39.5 

44.7 
42.1 
43.4 

48.3 
46.4 
47.2 

61.9 
60.8 
61.3 

65.2 
65.2 
55.6 

58.6 

Employment  calculated  from  whole  econ- 

69.6 

Employment  calculated  from  81  segment 

60.1 
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CHART     XVIII 

TOTAL     EMPLOYMENT 

EQUIVALENT      FULL    TIME     EMPLOYMENT    IN    THE    AMERICAN    ECONOMY    IN    1938    FOR    DIFFERENT   LEVELS    OF  CONSUMER 
INCOME      COMPARABLE     WITH    PAST     EMPLOYMENT     AND     AVAILABLE      MANPOWER 


ACTUAL 
EMPLOYMENT 


1935 


EMPLOYMENT    CALCULATED 
FROM    11    SEGMENTS 


^^         EMPLOYMENT    CALCULATED 
FROM      81      SEGMENTS 


ESTIMATED 

AVAILABLE" 

MANPOWER 


1938 


50 


60  70  80 

CONSUMER      INCOME 
(BILLIONS    OF     1936    DOLLARS) 


90 


100 


Actually,  however,  the  higher  levels  of  buying  power 
would  call  for  more  manpower  than  appears  to  be  avail- 
able. The  National  Research  Project  of  the  Works 
Progress  Administration  has  made  estimates  of  avail- 
able manpower  in  previous  years  and,  adjusting  these 
for  population  growth,  it  is  possible  to  give  a  very  rough 
estimate  of  the  manpower  that  is  likely  to  be  available 
for  employment.  This  comes  to  approximate^  54.5 
mdhon  persons  in  1938.* 

However,  it  is  unhkely  that  all  of  the  available  man- 
power could  be  employed  at  any  one  time.  Some  per- 
sons are  likely  to  be  shifting  from  one  job  to  another, 

*  No  effort  is  here  being  made  to  make  a  careful  estimate  of  total  manpower  avail- 
able. The  current  census  of  unemployment  should  make  possible  a  more  accurate 
estimate.  In  making  a  more  precise  estimate,  account  should  be  taken  of  the  mini- 
mum amount  of  unemployment  which  is  inevitable  as  seasonal  factors,  shift  in  locus 
of  employment,  etc.,  make  complete  employment  of  manpower  unlikely.  See  table 
1  of  Appendix  2. 


seasonal  factors  intervene,  temporary  unemployment 
may  develop  in  one  area  at  the  very  time  that  addi- 
tional workers  are  needed  elsewhere.  Thus,  some 
unemployment  is  Ukely  to  persist. 

No  effort  has  been  made  in  this  report  to  make  an 
estimate  of  the  minimum  unemployment  that  is  likely 
to  arise.  Any  precise  statement  of  the  national  income 
which  would  involve  practically  full  employment  must 
take  this  minimum  unemployment  into  account  by 
deducting  this  amount  of  manpower  from  the  available 
supply  to  obtain  the  practical  available  manpower. 
Since  the  estimate  of  available  manpower  given  above 
is  far  from  rehable  and  since  there  is  much  disagree- 
ment a's  to  the  magnitude  of  the  minimum  necessary 
unemployment,  the  procedure  adopted  in  this  report 
will  be  to  discuss  the  level  of  national  income  which 
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CHART  XIX 

TOTAL  EMPLOYMENT 
RELATED  TO  CONSUMER  INCOME  AND  YEAR 


1921-1936 


z 
g 

-I 


55 


50 


45 


40 


35 


RELATION  BETWEEN  TOTAL  EMPLOYMENT 
AND  CONSUMER  INCOME 


40 


50  60 

CONSUMER   INCOME    (BILLIONS   OF    1936  DOLLARS) 


-5 


RELATION    BETWEEN    TOTAL    EMPLOYMENT 
AND   YEAR 


1920 


1925 


I93S 


55 


in 

z 
o 


>■ 
o 


O 


\ \  \ 

ACTUAL  AND  CALCULATED  TOTAL  EMPLOYMENT 


1940 


1940 


SOURCE  :       FOR    TOTAL   EMPLOYMENT    AND    CONSUMER    INCOME 
SEE   TABLE   I   OF   THE  APPENDIX. 
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would  theoretically  absorb  all  of  the  available  man- 
power and  indicate  that  the  practical  level  must  be 
somewhat  below  such  a  figure.  As  the  uncertainties 
as  to  the  available  manpower  and  as  to  the  magnitude 
of  the  inevitable  unemployment  are  cleared  up,  a  more 
precise  estimate  should  be  made  of  the  consumer 
income  corresponding  to  the  economic  activity  which 
would  absorb  all  of  the  practically  available  manpower. 
With  this  caveat,  it  is  appropriate  to  compare  the 
estimated  available  manpower  with  the  manpower 
called  for  at  various  levels  of  income.  It  would  appear 
that  the  manpower  available  in  1938  would  be  fully 
absorbed  at  a  level  of  activity  corresponding  to  a  con- 
sumer income  of  88  billion  dollars,  when  the  latter  is 
measured  in  terms  of  1936  dollars.  At  such  a  level  of 
buying  power,  the  analyses  indicate  that  unemploy- 
ment would  have  disappeared.  Such  a  level  of  buying 
power  or  consumer  income  would  be  an  increase  of  35 
percent  over  the  consumer  income  of  1929  and  an  in- 
crease of  30  percent  over  the  estimated  consumer  income 


of  1937.  If  the  level  of  buying  power  were  stated  in 
1929  dollars,  the  consumer  income  at  this  level  of  ac- 
tivity would  be  105  bilUon  dollars  as  compared  with 
the  actual  consumer  income  in  1929  of  79.3  billion 
dollars.  It  would  correspond  to  the  fidl  use  of  avail- 
able man-power.  Practically  full  employment  would 
presumably  occur  at  a  slightly  lower  figure. 

The  actual  amount  of  money  income  which  would 
constitute  a  real  consumer  buying  power  of  88  billion 
dollars  when  stated  in  1936  dollars  or  of  105  billion 
dollars  when  stated  in  1929  dollars  would  depend  on 
the  level  of  prices  at  which  the  income  was  received. 
Yet  no  reliable  forecast  of  future  prices  can  be  made. 
It  is  likely  that  further  increases  in  consumer  income 
will  be  accompanied  by  some  further  increases  m  agri- 
cultural prices  and  in  the  prices  of  some  other  products, 
though  this  is  by  no  means  certain.  If  prices  rose  some- 
what but  did  not  return  to  the  1929  levels,  the  amount 
of  consumer  income  corresponding  to  the  activity  ab- 
sorbing all  or  practically  all  of  the  available  manpower 


CHART    XX 


PATTERN   OF   EMPLOYMENT   IN   1938  WITH   FULL   USE   OF    MANPOWER 
COMPARED    WITH   ACTUAL   EMPLOYMENT   IN    1935 


EQUIVALENT    FULL  TIME   EMPLOYMENT    IN    1935 
EMPLOYMENT    WITH    FULL    USE    OF   MANPOWER   ■ 


41,411,000 
54,526,000 


SERVICES    TO   THE   ECONOMY 
FEDERAL  STATE    a 

GOV'T  LOCAL  GOV'T 

1935  -  790.000  1935  -  1,241,000 
1938  -940,000  1938  -  1,508,000 


AGRICULTURE 
1935-  9,925,000 


1938-10.100.000 


■ 


MINERALS 
1935-745,000 
1938-1.134,000 


i 


1935-1,113.000 
1930-1,570,000 


H 


OTHER    UTILITIES 
1935-3,202.000 
1939-4.313,000 


MANUFACTURING 
1935-  8.512,000 
1938-11,762,000 


MISCELLANEOUS 
1935-2,030,000 
1938-2,728,000 


SERVICES   TO   THE    CONSUMER 
1935-6.562,000 

1938-9,-J  39.000 


1935-6,572,000 
1938- 9.318.000 


CONSTRUCTION 
1935-  719,000 
1938-1,715,000 


^^^    -    ACTUAL    EQUIVALENT   FULL  TIME    EMPLOYMENT 
WKZZl  -    MANPOWER   REQUIREMENTS  IN  1938 

BASED  ON  TABLE    I 
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would  be  likely  to  lie  soiiiewheic  between  90  and  100 
billion  dollars  when  stated  in  current  dollars.' 

These  figures  of  SS  billion  dollars  of  consumer  income 
(stated  in  193G  dollars)  or  9U  to  100  billion  dollars  of 
national  income  (stated  in  dollars  likely  to  be  current) 
should  be  regarded  as  representing  oidy  a  minimum 
goal  toward  which  national  policy  might  be  oriented. 
It  does  not  reflect  the  largest  possible  national  income 
that  could  be  developed.  It  only  involves  the  carrj'- 
ing  forward  of  activity  exactly  along  the  lines  of  recent 
development.  It  takes  no  account  of  the  possibilities 
of  accelerated  use  of  improved  techniques.  It  takes 
no  account  of  the  decreases  m  manpower  requirements 
which  could  come  from  the  improvement  in  the  organ- 
ization of  resources.  It  takes  no  account  of  concealed 
unemployment  represented  by  the  groups  of  people 
like  the  southern  mountaineers,  the  farmers  on  submar- 
ginal  land,  the  population  in  abandoned  coal  regions 
who  have  been  left  in  the  eddies  and  backwashes  of 
economic  development  and  who  are  not  effectively  em- 
ployed. How  much  greater  the  consumer  income  would 
be  which  would  correspond  with  both  full  and  efficient 
use  of  resources  is  a  problem  not  being  considered  in 
this  report.  The  techniques  that  have  been  developed 
here  do  not  lend  themselves  to  the  calculation  of  the 
larger  figure  which  would  unquestionably  arise.  They 
are  concerned  only  with  the  consumer  mcome  which 
would  correspond  to  different  levels  of  activity  that 
might  develop  through  the  continuation  of  the  trends 
underlying  consumer  expenditures  and  techniques  of 
production.  To  see  the  possibility  of  increasing  eco- 
nomic activity  by  as  much  as  30  percent  without  altera- 
tion either  in  the  ways  of  doing  business  or  in  the  condi- 
tions under  which  people  spend  their  money  is  in  itself 
to  envisage  an  immediate  goal  well  worth  striving  for. 

It  is  one  thing  to  have  established  with  a  fair  degi-ee 
of  reliability  the  buying  pow  er  which  would  correspond 
to  a  complete  absorption  of  all  of  the  available  man- 
power— it  is  more  important,  however,  to  indicate  the 
ways  in   which   this  manpower  would   be   employed. 

•  These  figures  are  not  direcUy  comparable  with  the  estimates  made  by  Brooliings 
Institution,  America's  Capacity  to  Produce.  1934,  and  by  the  New  Yorlc  Housing 
Authority.  licport  of  the  National  Survey  of  Potential  Proditcl  Capacity,  1935.  These 
two  studies  inlroduce  a  shifting  of  workers  from  subniarcinal  land  and  from  retail  dis- 
tribution to  other  parts  of  the  economy,  thereby  assuming  a  greater  increase  in  effi- 
ciency in  those  two  segments  than  past  trends  would  indicate  as  likely  to  occur  un- 
less some  radical  innovations  are  introduced.  The  Brookings  study  makes  no  at- 
tempt to  articulate  Increased  consumption  with  increased  production  so  that  the 
greater  expansion  required  for  some  industries  and  a  less  expansion  for  others  is  not 
adjusted  for.  The  National  Survey  articulates  consumption  (not  the  most  likely 
consumption  but  a  picscribed  standard  and  budget  of  living)  with  production  but 
does  not  appear  to  have  articulated  employment  and  production.  The  present 
study  assumes  no  radical  innovations  but  docs  try  to  articulate  consumption,  pro- 
duction, and  employment.  The  different  aims  of  measurement  and  the  diSerent 
assumptions  made  in  the  three  studies  make  it  impossible  to  use  their  findings  as  a 
direct  cross  check  on  each  other.  Each  study  has  its  contribution  to  make  to  this 
new  frontier  of  investigation. 


How  nmch  would  be  employed  in  manufacture,  how 
much  in  agriculture,  how  much  in  trade,  how  much  in 
the  service  industries?  ^Miat  would  bo  flic  pattern  of 
employment  at  full  use  of  available  manpower?  Such 
a  pattern  has  been  calculated  and  the  results  are  pre- 
sented in  chart  XX  showing  the  cmijloynicnt  likely  to 
arise  with  a  consumer  income  of  SS  bilhon  dollars.  It 
is  given  for  each  of  the  main  segments  of  economic 
activity,  along  with  an  indication  of  the  employment 
in  each  of  these  segments  in  1935.  The  relative  increase 
in  employment  which  would  result  in  the  different  seg- 
ments of  the  economy  is  indicated  in  each  case  by  the 
cross-hatched  area.  In  the  case  of  most  of  the  seg- 
ments, the  estimate  is  believed  to  be  reasonably  reli- 
able. For  the  Federal  Government,  for  agriculture, 
and  for  construction,  only  very  crude  guesses  on  em- 
ployment can  be  made;  but  as  has  already  been  indi- 
cated, the  role  of  the  Federal  Government  in  relation  to 
the  whole  economj'  is  small  insofar  as  employment 
figures  are  concerned  so  that  an  error  here  has  less  sig- 
nificance, while  in  the  case  of  agriculture,  the  variation 
from  year  to  year  is  sufficiently  small  so  that  an  unre- 
liable estimate  is  not  likely  to  introduce  a  significant 
error  in  the  total  picture.  Construction  alone  stands  as 
a  major  segment  in  which  rehablc  estimates  cannot  be 
made  and  in  which  the  volume  of  activity  is  sufficiently 
great  as  to  make  the  error  in  this  segment  influonce  the 
whole  picture  significantly.  This  only  rojjcats  the  con- 
clusion often  reached  before  on  other  grounds  that  either 
there  is  less  underlying  continuity  in  the  construction 
industry  than  in  most  industries  or  that  if  such  con- 
tinuity exists,  means  have  not  yet  been  developed  for 
measuring  it.  The  latter  may  quite  possibly  be  the 
case  since  the  available  data  on  construction  activity 
are  very  far  from  adequate. 

A  more  detailed  breakdown  of  activity  at  full  cm- 
ploj-ment  is  given  in  table  111  which  shows  both  con- 
sumption and  employment  for  the  81  segments.  The 
estimates  for  the  bulk  of  the  individual  segments  are  not 
nearly  as  reliable  as  the  estimate  of  full  eniploynient  for 
the  whole  economy.  The  more  reliable  estimates  are 
given  in  italic  type  and  the  less  reliable  are  given  in 
roman  The  former  give  a  fairlj'  reliable  statement  of 
the  activity  likely  to  occur  at  full  employment,  while 
the  latter  are  most  of  them  sufficiently  reliable  to  give 
a  rough  indication  of  the  magnitude  of  activity  in  the 
segments  concerned.'" 


'» It  should  be  recognized  that  the  figures  for  employment  in  most  of  the  separate 
segments  involve  somewhat  greater  likelihood  of  error  than  is  involved  in  the  separate 
employment  analyses  alone  since  an  error  in  calculating  employment  for  a  given  pro- 
duction may  be  added  to  or  may  be  counterbalanced  by  an  error  in  estimating 
consumption. 
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Table  III. — PalterTiS  of  resource  use  corresponding  to  a  consumer  income  of  8S  billion  dollars  ' 


Code 
No. 

Segment 

Consumption 

Employment 
(equivalent 
full  time) 

1 

SERVICES  TO  THE  ECONOMY 

Federal  Government 

940,000 

1.608,000 

1,310,000 

1st,  000 

181,000 

118,000 

SSi.OOO 

70,000 

1,613,000 

2 

State  and  local  government 

3 

Banking  and  finance 

4 

Post  office 

7£S      Deflated  revenue,  millions  of  1929  dollars 

S 

6 

Telegraph 

7 

8 

9 

9b 

Passenger  traffic,  class  I  railways 

9c 

Kreipht  traffic,  class  I  railways 

671      Billions  of  net  ton-miles         ,  _ 

10 

Auto  transportation 

l,0S6,0OO 
663,000 

59,000 
152.  000 

■2s,  noo 

11 

101 

MANUFACTURING 

ISS.S  Index  of  deflated  value,  1929-100      __ 

102 

Meat  packing... 

1, 191      Millions  of  pounds,  nionthlv  average 

103 

Plour  milling ,  . 

86  S  ludeK  of  deflated  value,  1929—100 

ICM 

CannitiK  and  preserving 

6, 539      Millions  of  pounds 

105 

196      Index,  1923-25-100 

88,000 

20,000 

56, 000 

SOI  000 

106 

Suj^ar,  extracting  and  refining _ 

6. 8  Millions  of  gross  tons 

107 

108 

Bread  and  other  bakerv  products 

1S7.6  Index  of  deflated  value,  1929  —  100 

109 

310,000 
69,000 

tie.  000 

18,000 

no 

Confectionery  and  chocolate ___ 

1S6.0  Index  of  deflated  value.  1929—100 

111 

Boots  and  shoes .       .....      ... 

914      Deflated  value,  millions  of  1926  dollars 

112 

Leather  products,  other  than  leather  and  boots  and  shoes,. __ 

571       Deflated  value,  millions  of  192r)  dollars 

IKl 

106.7  Index  of  deflated  value.  1929-100 

114 

606,000 

159,000 

45,000 

'    '^'il  000 

115 

Silk  and  rayon  goods . .  _,  ,    _ 

S70  £  Index  of  deflated  value,  1929-100 

116 

118 

Knit  goods . 

170  4  Index  of  deflated  value,  1929  —  100 

119 

120 

120.1 

121 

2,013      10.000  net  tons 

176,000 
49S,  000 
1S8. 000 

122 

123 

Paper  products 

1  297      Deflated  value,  millions  of  1926  dollars 

124 

125 

126 

Printing  and  publishine.  newspaper  and  periodical 

166  4  Index  of  deflated  value.  1929—100 

IAS  ()00 

126.1 

126,2 

Printing  and  publishing,  allied  industries 

94  000 

127 

Rubber  tires  and  tubes .  . 

7**  000 

128 

Rutiber  products,  other  than  tires  and  tubes 

417      Deflated  value,  millions  of  1926  dollars 

111,  000 

ISO,  000 

iS.OOO 

129 

Chemicals 

17S  6  Index  of  deflated  value,  1929—100 

129.1 

Paints  and  varnishes 

155  0  Index  of  deflated  value,  1929—100 

131 

131c 

Gasoline 

80£      Millions  of  barrels 

132 

Glass 

438      Deflated  value,  millions  of  1926  dollars 

GO  000 

133 

ii.ooo 

134 

Clay  products,  other  than  pottery 

134.1 

Pottery _     .. 

156  5    Deflated  value,  millions  of  1926  dollars 

48.000 

142.000 

17.000 

St.  000 

607  000 

134.2 

Marble,  granite,  and  stone,  and  glass  products,  n.  e.  c 

135 

Fertilizer _ 

136 

Coke 

137 

Iron  and  steel _ 

138 

Nonferrous  metals,  other  than  copper  smelting  and  refining  -  - 

26,000 

I38b 

138c 

Zinc 

1  092       Thousands  of  tons                     -             _ 

138d 

'  314  9    Weighted  index,  1926-100 

138.1 

Copper,  smelting  and  refining .  . 

1  508       Thousands  of  net  tons 

13  OOO 

139 

7i'9. 000 

140 

Nonferrous  metal  products ....    ..  .    ..    .. 

542  000 

141 

635,000 

141b 

Pas'JenRer  car  sales . 

6  878        Thousands 

141c 

143 

105,  OOO 

144 

145 

Machinery,  excluding  electrical-.  .  . 

7  706       Deflated  value,  millions  of  1926  dollars 

1   100  000 

146 

Miscellaneous  manufacturing  industries - - 

374  000 

201 

MINERALS 

167,  000 
491,000 

202 

Bituminous  coal 

203 

204 

Other  nonmetallic  mining 

166  8    Index.  1929-100 

89  000 

205 

170,000 

205b 

Iron  ore 

206.1a 

Nonferrous  metallic  ores 

94U       Millions  of  current  dollars 

301 

BULK  DISTRIBUTION  AND  CONSTRUCTION 

1,831000 
416.000 

302 

401 

Retail  trade 

fi,  894,  000 

500 

Construction ._ 

10  83  Deflated  value  billions  of  1929  dollars    --                     .  . 

1  715  000 

601 

SERVICES  TO  THE  CONSUMER 

1,146,000 

602 

tst,ooo 

1.477.000 

603 

604 

t.  SS9, 000 

605 

Domestic  service 

S,  604,000 
341.000 

606 

Recreation  and  amusement 

607 

478.000 

800 

MISCELLANEOUS 

Miscellaneous  industries 

t, 728, 000 
1,953.000 

801 

900 

Agriculture.   _. 

» 

10  100  000 

54, 688, 000 

Estimated  availahlp  manpower  in  1938' 

64,  .500, 000 

'  Obtained  from  the  80  and  90  consumer  income  columns  of  table  II  by  linear  interpolation. 
"  See  table  I  of  Appendix  2. 

Note.— The  estimates  shown  are  not  all  of  equal  reliability;  see  charts  XXI-LVI  for  the  group  letter  indicating  the  degree  of  reliability  of  each  analysis.    The  numbers 
in  italic  type  indicate  the  figures  which  are  based  on  analyses  which  are  considered  reliable. 
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The  activity  that  could  be  expected  with  a  consumer 
income  of  88  billion  dollars  has  been  examined  in 
detail  because  it  would  involve  a  complete  elimination 
of  unemployment.  Yet  even  if  a  leeway  had  been 
allowed  for  the  minimum  inevitable  unemployment, 
there  is  little  likelihood  that  such  a  level  could  be 
reached  m  the  immediate  future.  In  many  industries 
there  is  insufficient  capital  equipment  to  meet  such  a 
level  of  activity.  In  some  directions  there  must  be  an 
insufficient  supply  of  trained  technicians  or  skilled 
operatives.  The  high  level  of  production  could  not  be 
suddenly  attained  from  the  present  levels  without  a 
considerable  degree  of  dislocation.  Some  level  of 
activity  intermediate  between  the  present  levels  and 
full   use  of  manpower  would   have  more  immediate 


significance.  For  this  reason,  a  pattern  of  resource 
use  corresponding  to  a  consumer  income  of  75  billion 
dollars  (stated  in  1936  dollars)  is  set  forth  in  the  detail 
of  81  segments  ui  table  IV. 

Because  a  consumer  income  of  75  billion  dollars  is 
closer  to  past  experience  than  one  of  88  billion,  the 
estimates  of  activity  for  the  individual  segments  are 
likely  to  be  somewhat  more  reliable."  Undoubtedly, 
the  picture  could  be  made  more  precise  and  reliable 
through  intensive  work  on  the  part  of  individuals  con- 
cerned with  particular  industrial  segments.  In  its 
present  form,  this  pattern  gives  in  crude  outline  the 
picture  of  activity  which  might  be  expected,  with  a 
consumer  income  of  75  billion  dollars. 

"  The  errors  resulting  trom  extrapolation  beyond  the  existing  data  would  presum- 
ably be  reduced  to  an  appreciable  degree. 


Table  IV. — Patterns  of  resource  xise  corresponding  to  a  consumer  income  of  76  billion  dollars ' 


Code 
No. 


2 
3 

4 

5 
6 
7 
8 
9 
«b 
«c 
10 
11 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

lis 

116 

118 

119 

120 

120.1 

121 

122 

123 

124 

125 

12B 

126.1 

126.2 

127 

128 

129 

129.1 

131 
131c 

132 

133 

134 

134.1 

134.2 

135 

136 

137 

138 
138b 
13gc 
138d 

138.1 

139 


Segment 


SERVICES  TO  THE  ECONOMY 

Federal  Government 

State  and  local  government 

Banking  and  finance 

Post  oflJce - 

Telephone 

Telegraph 

Electric  power  and  light 

Manufactured  gas 

Railroad  transportation 

Passenger  traffic,  class  I  railways 

Freight  traffic,  class  I  railways 

Auto  transportation 

Transportation  other  than  auto  and  railroad.. 


MANCTACTUBINO 


Butter,  cheese,  condensed  milk,  and  ice  cream 

Meat  packing 

Flour  milling 

Canning  and  preserving 

Tobacco,  manufacturing 

Sugar,  extracting  and  refining 

Leather,  tanned,  curried,  and  finished _ 

Bread  and  other  bakery  products 

other  foods 

Confectionery  and  chocolate 

Boots  and  shoes 

Leather  products,  other  than  leather  and  boots  and  shoes.. 

Woolen  and  worsted  goods 

Cotton  textiles 

Silk  and  rayon  goods 

Rsyon. 


Knit  goods 

Wearing  apparel 

Dyeing  and  finishing 

other  textiles 

Paper  and  pulp. 

Lumber  and  millwork 

Paper  products 

Furniture  and  related  products 

Miscellaneous  lumber  products 

Printing  and  publi.shing.  newspaper  and  periodica).. 

Printing  and  publishing,  bonk,  music,  and  job 

Printing  and  publishing,  allied  industries 

Rubber  tires  and  tubes 

Rubber  products,  other  than  tires  and  tubes 

Chemicals , 

Paints  and  varnishes 

Petroleum  refining 

Oasoline 

Glass.. 


Cement 

Clay  products,  other  than  pottery 

Pottery 

Marble,  granite,  and  other  glass  products. 
Fertilizer 

Coke.. 


Iron  and  steel 

Nonferrous  metals,  other  than  copper  smelting  and  reflninlng. 

Lead 

Zinc 

Nonferrous  metals,  other  than  copper,  lead,  and  zinc 

Copper,  smelting  and  reSnIning 

Iron  and  steel  products 


Consumption 


672 
216 
244.4 
135.1 


Deflated  revenue,  millions  of  1929  dollars. 

Index  of  connections,  1920=100 

Millions  of  equated  messages 

Billions  of  kilowatt-hours 


23. 9    Billions  of  revenue  passenger-miles. 
446       Billions  of  net  ton-miles 


114 
092 
84.9 
716 
178 

6.3 
420 
117.6 


Index  of  deflated  value,  1929  =  100 

Millions  of  pounds,  monthly  average... 

Index  of  deflated  value,  1929=100 

Millions  of  pounds 

Index,  1923-25=100 

Millions  of  gross  tons 

Deflated  value,  millions  of  1929  dollars. 
Index  of  deflated  value,  1929=100 


116.6 
788 
452 
89 
122 
221.3 
372 
157.0 
1,691 


Index  of  deflated  value,  1929=100 

Deflated  value,  millions  of  1926  dollars 

Deflated  value,  millions  of  1926  dollars , 

Index  of  deflated  value,  1929=100 

Index  of  consumption  of  raw  cotton,  1923-25=100.. 

Index  of  deflated  value,  1929=100 

Millions  of  pounds 

Index  of  deflated  value,  1929=100 

Deflated  value,  millions  of  1926  dollars 


790  Deflated  value,  millions  of  1926  dollars. 

692  10,000  net  tons 

268  Millions  of  board  feet 

087  Deflated  value,  millions  of  1926  dollars. 

141  Deflated  value,  millions  of  1926  dollars. 


137 

,038 


Index  of 
Deflated 


deflated  value,  1929=100 

value,  millions  of  1936  dollars. 


345 
141.6 
123.0 
,336 
702 
368.3 
181.4 
78.4 
114. 


Millions 
Deflated 
Index  of 
Index  of 
Millions 
Millions 
Deflated 
Millions 
Index  of 
Deflated 


of  weighted  aggregates  of  tires  and  tubes. 

value,  millions  of  1926  dollars 

deflated  value,  1929  =  100 

deflated  value,  1929=100 

of  barrels 

of  barrels 

value,  millions  of  1926  dollars 

of  barrels 

deflated  value,  1929=100 

value,  millions  of  1926  dollars 


71 
M 
67.9 


Millions  of  tons 

Millions  of  net  tons. . . 
Millions  of  gross  tons.. 


870  Thousands  of  tons 

748  Thousands  of  tons 

224  Weighted  index,  1926  =  100.. 

916  Thousands  of  net  tons 

780  Millions  of  1926  dollars 


Employment 
(equivalent 
full  time) 


940,000 
460,000 
250,000 
282,000 
366,000 
110,000 
308,000 
60,000 
,360,000 


978,000 
496,000 


56,000 
136,000 
25,000 
127,000 
80,000 
25,000 
49,000 
280.000 
259,000 

saooo 

208,000 
66,000 
128,000 
414,000 
140,000 
45,000 
228,000 
690,000 
100,000 
189,000 
142,000 
301.000 
120.000 
248, 000 
170,000 
143,000 
176,000 
84,000 
60,000 
99,000 
227,000 
35,000 
88,000 


67.000 
34,000 
70,000 
36,000 
92,000 
17,000 
26,000 
458,000 
23,000 


12,000 
514.000 


Obtained  from  the  70  and  80  consumer  Income  columns  of  table  II  by  linear  Interpolation. 
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T.\BLE  \\. — Patterns  of  resource  use  corresponding  to  a  consumer  income  of  75  billion  dollars — Continued 

Code 
No. 

Segment 

Consumption 

Employment 
(equivalent 
full  time) 

140 

MANUFACTURrNG — Continued 

370,000 
457,000 

141 

-\utomobiles 

141b 

4,455 
1,113 

14Ic 

Commercial  car  sales 

Thousands -- 

143 

115,000 
298,000 
808.000 
280,000 

141  000 

144 

Electrical  machinery 

145 

Machinery,  excluding  electrical . 

6,665 

Deflated  value,  millions  of  1926  dollars 

146 

Miscellaneous  manumcturing  industries 

201 

MINERALS 

27.2 
462 

76 
125 

202 

Bituminous  coal -_-_- . 

Millions  of  net  tons 

422,000 
132,000 
06,000 
117  000 

203 

204 

Other  nonmetallic  mining _ :: 

Index,  1929=100 

205 

205b 

Iron  ore _ _ _ _.. 

71.7 
566 

Millions  of  net  tons 

206.1a 

301 

BULK  DISTRIBUTION  ANfl  CONSTRUCTION 

Wholesale  trade 

1,675,000 

372,000 

6.080,000 

1,528,000 

1  245  000 

302 

401 

Retail  trade 

500 

8.55 

001 

SERVICES  TO  THE  CONSUMER 

602 

Private  education 

232  000 

603 

1,454,000 

2,040,000 

2,152,000 

292  000 

004 

Personal  service— ___ 

605 

606 

Recreation  and  amusement __ 

607 

440,000 

2,  448,  000 

1,  706,  OOU 

10,100,000 

49  234  000 

800 

MISCELLANEOUS 

801 

900 

Employment  all  segments 

Estimated  available  manpower  in  1838' 

54,  500,  000 

'  Estimates  from  the  data  on  labor  force  in  table  I  of  Appendix  2. 

Note.— The  estimates  shown  are  not  all  of  equal  reliability;  see  charts  XXI-LVI  for  the  group  letter  indicating  the  degree  of  reliability  of  each  analysis. 


CONCLUSIONS 


The  conclusions  reached  in  this  report  fall  into  two 
categories,  the  first  group  having  to  do  with  the  gen- 
eral character  of  the  economy  and  the  possibihty  of 
constructing  patterns  of  resource  use,  while  the  second 
has  to  do  with  the  specific  patterns  of  resource  use 
derived. 

The  extensive  presence  of  continuities  underlying 
consumer  expenditure  and  techniques  of  production 
appears  to  be  conclusively  established.  The  possibihty 
of  constructing  patterns  of  resource  use  which  indicate 
approximately  the  use  of  resources  likely  to  arise  under 
different  conditions  is  also  indicated.  Just  how  pre- 
cise and  reliable  and  in  how  much  detail  such  patterns 
can  be  made  remains  to  be  estabhshed  through  further 
experiment  in  this  field. 

The  actual  patterns  of  resource  use  developed  in  this 
report  indicate  that  a  full  use  of  manpower  and  the 


elimination  of  uncmplojanent  would  be  reached  at  that 
level  of  activity  at  which  consumer  income  when  stated 
in  1936  dollars  wonld  be  in  the  vicinity  of  88  biUion  dol- 
lars. If  the  development  of  such  a  level  of  activity  were 
to  involve  some  increase  in  agricultural  and  similar  prices 
but  did  not  lift  prices  to  the  1929  level,  the  money  in- 
come received  by  consumers  which  would  correspond 
with  full  employment  would  be  likely  to  lie  somewhere 
between  90  and  100  biUion  dollars. 

Such  a  level  of  economic  activity  and  consumer  in- 
come represents  a  most  desirable  objective  towards 
which  to  orient  national  poUcy.  Yet  such  a  level  is  not 
likely  to  be  reached  in  a  single  year.  For  this  reason,  a 
pattern  of  resource  use  corresponding  to  a  consumer 
income  of  75  billion  dollars  is  outlined.  This  is  some- 
what above  recent  levels,  yet  not  so  far  above  as  to  be 
unattainable  in  the  near  future. 
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CHART    XXI 


r^ 


FEDERAL    GOVERNMENT  -    MANPOWER 

(EXCEPT     POST     OfFrCE) 
ACTUAL  AND  CALCULATED  EMPLOYMENT 


ADJUSTED     1922-  23     FOB 
WOPLD     WAR      EFFECTS 


_1 I u 


PERCENT  RESIDUALS 


_l I I L- 


1 

EMPLOYMENT 
(000-Sl 

1 

STATE  a    LOCAL    GOVERNMENT  -  MANPOWER 

A 

ACTUAL  AND  CALCULATED  EMPLOYMENT 

1300 

.J 

> 

, 

V\ 

1200 

/ 

^^      J 

'/ 

y^ 

^\t^^ 

CALCULATED       rf^/C 

Xj.'O'^  ACTUAL 

/  j/ 

H 

1000 

900 
5 

ST' 

PERCENT   RESIDUALS 

J 

0 
5 

■ 

_       _       ■ 

1         _ 

!■■ 

„^ 

1111 

1     1     I.I 

1     1     1     1 

1920  1925  1930  1935  '^20  1925  1930  1935 

FIG    la  CALCULATED   EMPLOYMENT   IS    BASED  ON  A    FORMULA    WHICH    RELATES   EMPLOYMENT  FIG  2a  CALCULATED    EMPLOYMENT  IS   BASED    ON     A  FORMULA  WHICH  RELATES    EMPLOYMENT 
TO  CONSUMER     INCOME     AND    A     TIME    TREND.       FOH     THt     FACTUAL     DATA  TO  CONSUMER     INCOME    AND  A    TIME    TREND-      FOR     TH€    FACTUAL    DATA    AND 

AND    METHOD     USED     SEE     SUMMARY     NO     lo    IN     APPENDIX  METHOD    USED    SEE    SUMMARY     NO      iiO     IN     APPENDIX 


I — r- 


8ANKING,    REAL     ESTATE,    INSURANCE 

ACTUAL  AND  CALCULATED  EMPLOYMENT 


II                             ' 

EMPLOYMENT                        POST    OFFICE  "   EMPLOYMENT 

(OOOSi 

c 

ACTUAL   AND   CALCULATED   EMPLOYMENT        ^^^^i^l 

280 

_t/^ 

>. 

^ 

> 

k^ 

V 

•A          ACTUA 

. 

\     \^ 

CALCULATED 

-^\    \ 

k 

260 

q        ^k 

7 

/X 

V 

250 

/ 

1 

240 

/ 

f 

:                                                   s 

10 

PERCENT   RESIDUALS 

5 

■ 

s   S 

-5 

-10 

I 

1920                                                    1925                                                      1930                                                     1935  1920     ,                                               1925                                                     1930                                                      1935 

FIG  SaCALCULATEO     EMPLOYMENT     lb     BASED   ON    A     FORMULA    WHICH     RELATES  EMPLOYMENT  FIG    4o  CALCULATED     EMPLOYMENT    IS    BASED    ON   A    FORMULA    WHICH     RELATES   EMPLOYMENT 

TO  CONSUMER     INCOME     AND    A    TIME    TREND-    FOR     THE    FACTUAL    Daia    AND  ^0    DEFLATED     REVENUE     AND     A     TIME    TREND.      FOR    THE     FACTUAL      DATA      AND 

METHOD    USED     SEE    SUMMARY     NO     3a     IN    APPENDIX  METHOD     USED     SEE     SUMMARY      NO     4a      IN     APPENDIX 
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CHART    XXM 


I ^ 

POST    OFFICE 

ACTUAL  AND  CALCULATED  OUTPUT 


1920  1925  1930  1935 

FIG. 4b    CALCULATED  OUTPUT  IS  BASED  ON  A  FORMULA  WHICH  RELATES  OUTPUT  TO 

CONSUMER  INCOME.  DEFLATED  INDEX   OF  POSTAL   RATES  AND  A  TIME  TREND. 
FOR  THE   FACTUAL  DATA  AND  METHOD   USED  SEE   SUMMARY  NO.  4b  IN  APPENDIX. 


PERSONS 

CNGACEO 

lOOO-S) 


TELEPHONE      -      MANPOWER 

ACTUAL  AND  CALCULATED  PERSONS  ENCAGED 


■    ■    ■  I    I 


FiG.So  CALCULATED  PERSONS  ENGAGED  IS  BASED  ON  A  FORMULA  WHICH  RELATES 
MANPOWER  TO  OUTPUT  AND  A  TIME  TREND.  FOR  THE  FACTUAL  DATA  AND 
METHOD  USED  SEE   SUMMARY  N0.5o    IN  APPENDIX. 


FIG. 5b     CALCULATED  CONSUMPTION  iS  BASED  ON  A  FORMULA  WHICH    RELATES 

CONSUMPTION  TO  CONSUMER  INCOME  AND  A  TIME  TREND.     FOR  THE   FACTUAL 
DATA  AND  METHOD  USED  SEE  SUMMARY  NO    5b   IN  APPENDIX. 


I«0  19!5  1930  1935 

FIG.  6o    CALCULATED  MANPOWER    IS  BASED  ON  A  FORMULA  WHICH  RELATES  MANPOWER  TQ 
OPERATING  REVENUE  AND  A  TiME  TREND.    FOR  THE  FACTUAL  DATA    AND  METHOD 
USED  SEE    SUMMARY   NO.  6a  IN  APPENDIX. 
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CHART    XXIIl 


O  1300 


ELECTRIC    POWER  —  MANPOWER 

I 

ACTUAL  AND  CALCULATED  MAN<HOURS 


1920                                                       192S  1930                                                       1935 

FIG    6b     CALCULATED     CONSUMPTION     IS    BASED    ON  A    FORMULA     WHICH    RELATES     OUTPUT 

TO     CONSUMER    INCOME,    REAL     COST    PER  MESSAGE      AND    A    TIME     TREND.      FOR 

THE    FACTUAL     DATA     AND    METHOD     USED  SEE     SUMMARY     NO     6b    IN    APPENDIX. 


1920  1925  1930  1935 

riG  7o       CALCULATED    MAN-HOURS    ARE    BASED    ON    A    FORMULA     WHICH     RELATES 

MAN-HOURS     TO    ELECTRIC    POWER     PRODUCTION     AND    A    TIME     TREND       FOR     THE 
FACTUAL     DATA     AND    METHOD     USED     SEE     SUMMARY     NO    7a    IN    APPENDIX 


BILLrC 
K    W 

NS 
H   1 

1                1 

ELECTRIC    POWER  -  CONSUMPTION 

c 

120 

ACTUAL  AND  CALCULATED  CONSUMPTION 

1 

100 

/ 

>--..,.^         ACTUAL 

/ 

/ 

80 

^^CALC'ULATED           ^^^^ 

rV 

60 
40 

x> 

/ 

[y 

10 

' 

. 

1 

PERCENT  RESIDUALS 

5 
0 

JJIA 

.        ■        1        . 

1         ■ 

>      ' 

1         ' 

j 

1 

1 " 

-5 

1       1 

1       1 

1 

1111 

1           1           1 

1 

1                                                   1 

B 

EMPLOYMENT                          MANUFACTURED    GAS  —  MANPOWER 

ACTUAL  AND  CALCULATED  EMPLOYMENT 

90 

\ 

60 

\ 

\ 

50 

\                      ACTUAL 

A 

CALCULAT 

ED 

40 

10 
5 
0 

-5 

PERCENT  RESIDUALS 

-          1    . 

' 

■          1 

1          ■ 

-in 

till 

1111 

1      1      1     1 

19?0  1925  1030  1935 

FIG    7b     CALCULATED     CONSUMPTION    IS    BASED    ON    A    FORMULA     WHICH    RELATES 

INDUSTRIAL     PRODUCTION     TO    CONSUMER     INCOME     AND     A    TIME     TREND       FOR 
THE     FACTUAL     DATA     AND    METHOD     USED     SEE     SUMMARY     NO    7b    IN    APPENDIX 


1920  1925  1930  1935 

FIG.  8o      CALCULATED     EMPLOYMENT    iS    BASED    ON    A    FORMULA     WHICH    RELATES 

EMPLOYMENT    TO   CONSUMER    INCOME    AND    A    TIME     TREND.     FOR    THE    FACTUAL 
DATA    AND     METHOD    USED    SEE     SUMMARY    NO    8o    IN    APPENDIX. 
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CHART   XXIV 


RCVCNUC  ' 

PAsstHGERMiiEs    TOTAL  PASSENGER    TRAFFIC -CLASS  I   RAILWAYS 

<ei(.L)OftS' 

ACTUAL   ANO  CALCULATED   REVENUE   PASSENCf R-MILES 
60 


I9?0 


192^ 


9o    CALCULATED    EMPLOYEE    HOURS    ARE    8ASE0    ON    A   FORMULA    WHICH    RELATES 
MANPOWER    REQUIREMENTS    TO    NET    TON    MILES    REVENUE    AND    NONHEVENUE, 
REVENUE    PASSENGER    MILES   AND  A  TlME    TREND    FOR   THE    FACTUAL    DATA 
ANO    METHOD    USED    SEE    SUMMARY    NO  9o    IN    APPENDIX 


FIG.   9b    CALCULATED    REAL   PASSENGER    MILES    ARE    BASED   ON    A     FORMULA     WHICH 
RELATES    REVENUE    PASSENGER  MILES    TO    CONSUMER    INCOME.  PASSENGER 
RATES    AND   A    TlM£     TREND     FOR    THE   FACTUAL    DATA    ANO    METHOD    USED 
SEE    SUMMARY    NO     9b    IN    APPENDIX 


ncvcNuc 

NCT   TON  MIICS 


FREIGHT    TRAFFIC- CLASS    I    RAILWAYS 

ACTUAL   AND  CALCULATED   REVENUE   NET    TON-MILES 


FUEL   CONSUMED    BY    CLASS   I    RAILWAYS 

ACTUAL   AND   CALCULATED   FUEL   CONSUMED 


l*?0 


t«S 


tno 


I9?0 


I92S 


r*JO 


I93i 


FiG    9c     CALCULATED     REVENUE     NET    TON     MILES     ARE     BASED    ON    A     FORMULA 

WHICH    RELATES     FREIGHT     TO    INDUSTRIAL     PRODUCTION     FOR     THE     YEAR 
ENDING    SEPTEMBER    AND   A    TIME    TREND     FOR     THE    FACTUAL    DATA    AND 
METHOD    USED     SEE     SUMMARY    NO    9c     IN    APPENDIX 


FIG    9d     CALCULATED    FUEL   CONSUMED    15    BASED    ON    A    FORMULA    WHICH    RELATES 
FUEL    CONSUMED    TO   NET    TON    MILES     REVENUE    AND   NON-REvENUE. 
REVENUE    PASSENGER    MILES     AND     A     TIME     TREND     FOR    THE    FACTUAL     DATA 
AND    METHOD     USED    SEE     SUMMARY     NO     9d     IN    APPENDIX 
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CHART  XXV 


EMPLOYMENT 
(OOOS) 


AUTO   TRANSPORTATION     -    MANPOWER 

ACTUAL  AND   CALCULATED  EMPLOYMENT 


700 


OYMEN 
OOSl 

1                                                                      t 

r    '                      TRANSPORTATION     -     MANPOWER 

CoTHEfl    THAN    AUTO    0     flAILflOAD) 
ACTUAL  AND  CALCULATED  EMPLOYMENT 

B 

"^^ 

iv^     ACTUAL 
CALCULATEO^^ 

|\ 

•■O"^^^^ 

PERCENT   RESIDUALS 

1 

■ 

1        1        .         _         II 

,.     r 

1 

1 

s  ■ 

1     1     1     1 

1           1           1           1 

1                      1                     1                      1 

1920  1925  1930  1935 

FIG.  lOo     CALCULATED   EMPLOYMENT     IS    BA'iEO   ON   A   FORMULA   WHICH    RELATES 

EMPLOYMENT     TO    CONSUMER    INCOME    AND    A    TIME    TREND.     FOR    THE    FACTUAL 
DATA    AND  METHOD    USED   SEE    SUMMARY    NO.  lOa    IN    APPENDIX. 


-ID 

1920  1925  '^30 

FlG.llo    CALCULATED  EMPLOYMENT  IS    BASED   ON    A    FORMULA    WHICH   RELATES 

TRANSPORTATION    TO    CONSUMER  INCOME   AND  A   TIME    TREND.     FOR    THE 
FACTUAL    DATA  AND    METHOD  USED    SEE   SUMMARY    NO.  I  lo    IN    APPENDIX. 
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CHART    XXVI 


Ti;  «""   BUTTER,  CHEESE,  CONDENSED   MILK   AND  ICE   CREAM -MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 
<000 


-10 


0  1925  1«»  1935 

FIG.  lOlo     CALCULATED    MAN  •  HOURS     ARE    BASED    ON    A   FORMULA    WHICH    RELATES    MAN-HOURS 
TO  PRODUCTION    AND    A    TIME     TREND       FOR    THE     FACTUAL     DATA     AND    METHOD 
USED    SEE    SUMMARY    NO.   1010    IN    APPENDIX 


-10 


JMPTIO 

BUTTER, 

1                 1 

CHEESE,  CONDENSED    MILK    AND    ICE   CREAM 

ACTUAL  AND  CALCULATED  CONSUMPTION 

A 

ACTUAL  ^y>..^<§' 
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7 

r           ±. 
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; 

PERCENT  RESIDUALS 

,  1 

.        B    » 
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■■"■"Bi          ■ 

1       1       1       1 

1          1          1          1 

1    1     1     1 

1935 


1930  1*25  1930 

FIG.IOIb     CALCULATED    CONSUMPTION    IS    BASED    ON    A  FORMULA    WHICH    RELATES 

CONSUMPTION    TO    CONSUMER     INCOME    AND    A    TIME    TREND.      FOR    THE     FACTUAL 
DATA     AND    METHOD    USED    SEE    SUMMARY     NO.   101  b    IN  APPENDIX. 


MEAT    PACKING 

ACTUAL  AND  CALCULATED  MAN-HOURS 
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1920  1925  IJ-  1935 

F1G.I020    CALCULATED    MAN-HOURS     ARE    BASED    ON    A  FORMULA    vimicm    HElATES    MEAT 

PACKING    MAN-HOURS    TO   PRODUCTION    AND    A   TIME    TREND.      FOR    THE    FACTUAL 
DATA    AND    METHOD    USED     SEE     SUMMARY     NO     I02o     IN    APPENDIX. 


1920  1925  1930  '935 

F1G.I02II    CALCULATED  CONSUMPTION  IS  BASED   ON  A  FORMULA  WHICH  RELATES   CONSUMPTION 

TO   REAL    NON -AGRICULTURAL    INCOME,    REAL    PRICE    OF    MEAT    AND    A    TIME    TREND. 
FOR    THE    FACTUAL    DATA     AND    METHOD     USED    SEE     SUMMARY  NO.  I02b  IN    APPENDIX 
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FLOUR  MILLING    -   MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 
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FLOUR    MILLING      -    CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 
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I9?0  1325  1930  1935 

FIG.  103a     CALCULATED  MANPOWER    15    BASED    ON    A    FORMULA    WHICH     RELATES    MAN- 
HOURS    TO    PRODUCTION     ANO    A    TIME    TREND.     FOR    THE    FACTUAL   DATA 
AND    METHOD    USED    SEE    SUMMARY   NO.  l03o    IN    APPENDIX. 


FIG.  1036    CALCULATED   CONSUMPTION   IS  BASED  ON  A   FORMULA  WHICH  RELATES 

CONSUMPTION    TO  CONSUMER  INCOME    AND    A   TIME    TREND,     FOR   THE    FACTUAL 
DATA    AND   METHOD   USED  SEE  SUMMARY    NO.  t03b    IN  APPENDIX. 


1920  1925  1930  1935 

FIG. 1040  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN- 
HOURS  TO  PRODUCTION  AND  A  TIME  TREND,  FOR  THE  FACTUAL  DATA  AND 
METHOD  USED    SEE    SUMMARY    N0.l04o    IN    APPENDIX. 


FIG. 104b      CALCULATED    CONSUMPTION    IS    BASED    ON   A  FORMULA   WHICH    RELATES 
CONSUMPTION    TO    CONSUMER    INCOME    AND   A    TIME    TREND.    FOR    THE 
FACTUAL  DATA   ANO  METHOD  USED  SEE    SUMMARY   NO.  104b   IN  APPENDIX. 
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TOBACCO  -  MANPOWER 
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1920 
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TOBACCO   -  CONSUMPTION 

ACTUAL   AND   CALCULATED   CONSUMPTION 


FIG.   l05o     CALCULATED    MAN-HOURS    ARE  BASED   ON   A  FORMULA   WHICH    RELATES 
MAN-HOURS   TO  TOBACCO    MANUFACTURE    AND   A  TIME  TREND.    FOR    THE 
FACTUAL   DATA    AND    METHOD   USED   SEE   SUMMARY    NO    105a    IN  APPENDIX. 


1920  1925  1930  1935 

FIG.  I05b  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES 
CONSUMPTION  TO  CONSUMER  INCOME  AND  A  TiwfE  TREND.  FOR  THE 
FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY    NO.  lOSb    IN   APPENDIX 


CANE    SUGAR   -   MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


FIG.  l06o  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES 
MAN-MOURS  TO  CANE  SUGAR  PRODUCTION  AND  A  TIME  TREND.  FOR  THE 
FACTUAL   DATA    AND    METHOD   USED    SEE    SUMMARY   NO.  I06a    IN    APPENDIX. 


SUGAR  -  CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


1920 


1925 


1930 


FIG.   I06b     CALCULATED    CONSUMPTION    IS    BASED    ON    A    FORMULA    WHICH   RELATES 

CONSUMPTION  TO  CONSUMER  INCOME,  REAL  RETAIL  PRICE,  AND  A  TIME 
TREND.  FOR  THE  FACTUAL  DATA  AND  METHOD  USED  SEE  SUMMARY  NO. 
lOGb    IN  APPENDIX. 
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MAN  HOURS 
W92i      lOOl 


LEATHER    (TANNING   &   FINISHING)    MANPOWER 

'^       ACTUAL  AND  CALCULATED  MAN-HOURS 


1920 


1925 


vn^ 


FI6.I070     CALCULATED  MAN-HOURS    ARE    BASED    ON   A   FORMULA    WHICH    RELATES    MAN- 
HOURS    TO  LEATHER    TANNING    AND    FINISHING    AND    A    TIME    TREND     FOR    THE 
FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY    NO    107o    IN    APPENDIX 


^1 \ \ 

MILLIONS  I  I 

a926  ooLLftfis,       LEATHER   CTANNING  &  FINISHING)  CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


FIG    I07b    CALCULATED  CONSUMPTION    IS    BASED   ON    A    FORMULA    WHICH    RELATES 

CONSUMPTION    TO    LEATHER    DEMAND    AND    A    TIME    TREND    FOR    THE    FACTUAL 
DATA    AND    METHOD    USED   SEE    SUMMARY    NO     107b    IN    APPENDIX 
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1920 
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1935 


FIG    lOBo    CALCULATED    MAN-HOURS    ARE    BASED    ON   A   FORMULA    WHICH    RELATES    MAN- 
HOURS    TO    PRODUCTION     FOR    THE    FACTUAL    DATA    AND    METHOD    USED    SEE 
SEE    SUMMARY    NO    lOSo    IN    APPENDIX, 
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1935 


FIG.  I08b     CALCULATED    CONSUMPTION    IS     BASED    ON    A    FORMULA    WHICH    RELATES 

CONSUMPTION     TO    CONSUMER   INCOME.    PRODUCTION    AND    TIME    TREND.    FOR 
THE    FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY    NO.  lOSb    IN    APPENDIX 


48 


National  Resources  Committee 


CHART      XXX 


1920  1925  1930  1935 

FIG,    1090    CALCULATED     MAN-HOURS    ARE     BASED    ON     A    FORMULA    WHICH     RELATES 

MAN-HOURS     TO     CONSUMER     INCOME    AND    A    TIME    TREND.    FOR    THE    FACTUAL 
DATA     AND    METHOD    USED    SEE     SUMMARY    NO     109  0     IN    APPENDIX 


1920  1925  1930  1935 

FIG.  1100    CALCULATED     MAN-HOURS    PER-WEEK    ARE   BASED  ON   A    FORMULA    WHICH 

RELATES    MAN-HOURS   PER    WEEK    TO    PRODUCTION  A    TIME    TREND.     FOR     THE 
FACTUAL     DATA    AND    METHOD  USED    SEE    SUMMARY     NO.     IIOO     IN    APPENDIX 


I  I 

CONFECTIONERY    AND    CHOCOLATE-    CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


1920  1925  1930  1935 

FIG.  HOD     CALCULATED     CONSUMPTION     IS     BASED     ON     A     FORMULA    WHICH   RELATES   CON- 
SUMPTION TO  REAL   PRICE.  REAL    INCOME  OF  WAGE    EARNERS, REAL  INCOME  OF  OTHER 
THAN   WAGE-EARNERS  AND  A  TIME  TREND    FOR  THE    FACTUAL     DATA    AND    METHOD 
USED     SEE     SUMMARY    NO'     110  b      IN    APPENDIX 


BOOTS    AND  SHOES -MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


■  ■  n . 


1920  I92S  1930  I93S 

FIG.  Mia  CALCULATED  MAN-HOURS  ARC  BASED  ON  A  FORMULA  WHICH  RELATES  MAN- 
HOURS  TO  DEFLATED  OUTPUT  AND  A  TIME  TREND  FOR  THE  FACTUAL  DATA 
AND    METHOD    USED    SEE     SUMMARY     NO.      IIIO      IN     APPENDIX 
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LEATHER  PRODUCTS  -  MANPOWER 

(OTHER  TH4N  LEATHER  AND  BOOTS  S  SHOES) 


1920  1925  1930  1935 

FIC.  111b  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES  CONSUMPTION 
TO  CONSUMER  INCOME,  PRICE  DEFLATED  BY  COST  OF  LIVING  AND  A  TIME  TREND. 
FOR  THE    FACTUAL    DATA    AND    METHOD   USED    SEE    SUMMARY    NO    lllb    IN    APPENDIX 


1920  1925  1930  1935 

FIG  M2o     CALCULATED    MANPOWER    IS   BASED   ON    A  FORMULA   WHICH    RELATES    MANPOWER    TO 
OUTPUT    AND  A   TIME    TREND.     FOR    THE    FACTUAL    DATA    AND    METHOD    USED    SEE 
SUMMARY    NO.  >l2a   IN   APPENDIX. 


LEATHER  PRODUCTS  -  CONSUMPTION 

(OTmEH    Than    leather    ANO     BOOTS    a    SHOES) 
ACTUAL  AND  CALCULATED  CONSUMPTION 


WOOLEN  AND  WORSTED  -  MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


FIG.IIZb  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES  CONSUMPTION 
TO  CONSUMER  INCOME,  DEFLATED  PRICE  OF  LEATHER  PRODUCTS  AND  A  TIME  TREND. 
FOR   THE    FACTUAL    DATA   AND   METHOD    USED    SEE     SUMMARY   NO   Il2b    IN    APPENDIX. 


FIG. 1130  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN'HOURS 
TO  PRODUCTION  ANO  A  TIME  TREND,  FOR  THE  FACTUAL  DATA  AND  METHOD  USED 
SEE    SUMMARY    NO.  Il3a    IN  APPENDIX 
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I  I 


-10 

FIG 


WOOLEN    AND    WORSTED    -    CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


1920  1925  1930  1935 

13l>    CALCULATED    CONSUMPTION    IS    BASED  ON   A    FORMULA  WHICH    RELATES    CONSUMP- 
TION TO   CONSUMER     INCOME    AND    A   TIME  TREND.     FOR  THE    FACTUAL   DATA    AND 
METHOD    USED  SEE    SUMMARY     NO,   Il3b    IN    APPENDIX, 


COTTON     TEXTILES    -   MANPOWER 

ACTUAL  AND   CALCULATED  MAN-HOURS 


-10 


1920  1925  1930  1935 

FIG,  1140  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN 
-HOURS  TO  PRODUCTION  AND  A  TIME  TREND,  FOR  THE  FACTUAL  DATA  AND 
METHOD    USED    SEE    SUMMARY    NO,     1140    IN    APPENDIX, 


-10 

1920  1925  1930  1935 

FIG    1146     CALCULATED    MILL  CONSUMPTION    OF    RAW   COTTON    IS    BASED    ON    A  FORMULA 

WHICH    RELATES    MILL  CONSUMPTION    TO   INDUSTRIAL    PRODUCTION,    RATE  OF 

CHANGE    OF  COTTON    GOODS   PRICE,    DEFLATED    PRICE    OF  COTTON    AND  A  TIME 

TREND    FOR    THE    FACTUAL  DATA    AND  METHOD  USED  SEE  SUMMARY    NO    1 14  6 

IN    APPENDIX, 


1920  1925  1930  1935 

IISo       CALCULATED     MAN-HOURS    ARE    BASED  ON    A   FORMULA    WHICH  RELATES    MAN 
-HOURS    TO    PRODUCTION   AND   A  TIME  TREND.      FOR    THE    FACTUAL    DATA    AND 
METHOD   USED    SEE    SUMMARY    NO.    1150    IN    APPENDIX. 
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1920 


I9?S 


335 


FIG.  Il5b    CALCULATED    CONSUMPTION    IS   BASED    ON    A   FORMULA    WHICH    RELATES    CON- 
SUMPTION   TO     CONSUMER      INCOME    AND    PREVIOUS    YEAR    CONSUMPTION    AND 
AND  A   TIME    TREND.   FOR    THE    FACTUAL    DATA    AND    METHOD    USED    SEE 
SUMMARY    NO.  llSb  IN   APPENDIX. 


i9;o 


FIG  Il6b     CALCULATED    CONSUMPTION    IS    BASED    ON    A    FORMULA    WHICH    RELATES     CON- 
SUMPTION   TO     CONSUMER     INCOME,  PRICE   OF    RAYON    RELATIVE    TO   SILK,    AND 
A    TIME    TREND.    POR    THE    FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY 
NO    116b    IN    APPENDIX 
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FlG-1160     CALCULATED  MAN-HOURS   ARE    BASED    ON     A    FORMULA    WHICH    RELATES 

MAN-HOURS    TO  PRODUCTION    AND  A   TIME    TREND     FOR    THE    FACTUAL    DATA 
AND    METHOD    USED    SEE    SUMMARY    NO    HSo    IN  APPENDIX 


KNIT  GOODS-MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


-10 


mnf 


nrrr 
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I      I     I      I 


I     I     I 


FIG  lieo     CALCULATED    MAN-HOURS    ARE    BASED    ON    A  FORMULA    WHICH    RELATES     MAN- 
HOURS    TO  PRODUCTION    ANO    A    TIME    TREND    FOR    THE    FACTUAL    DATA  AND 
METHOD    USED    SEE    SUMMARY    NO.  IIBg    IN  APPENDIX 
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WEARING   APPAREL     -     MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


1«0  1925  19J0  1935 

FIC.   net    CALCULATED    CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES 

CONSUMPTION    TO  CONSUMER   INCOME  AND  A  TIME  TREND.    FOR  THE  FACTUAL 
DATA   AND  METHOD  USED  SEE  SUMMARY  NO.  MSb  IN  APPENDIX. 


1920  1925  1930  1935. 

FIG.  1190    CALCULATED   MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES   MAN- 
HOURS  TO  DEFLATED  OUTPUT  AND  A  TIME  TREND.    FOR  THE    FACTUAL  DATA 
AND  METHOD  USED  SEE   SUMMARY  NO.  1190  IN  APPENDIX. 
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WEARING   APPAREL    -    CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 
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I«0  I92i  t930  t935 

^>G.II9b    CALCULATED  CONSUMPTION    IS  BASED  ON  A  FORMULA  WHICH  RELATES 

CONSUMPTION  TO  CONSUMER  INCOME.     fOfl  THE  FACTUAL  DATA   AND  METHOD 
USED  SEE  SUMMARY   NO.  1 1 9b  IN  APPENDIX. 


19?<>  1925  1930  I93S 

FiG.IZOo  CALCULATED  WAGE-EARNERS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES 
WAGE-EARNERS  TO  INDUSTRIAL  PRODUCTION  AND  A  TIME  TREND,  FOR  THE 
FACTUAL  DATA  AND  METHOD  USED  SEE  SUMMARY   NO.  IZOo   IN  APPENDIX. 
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.MILLIONS. 


1920  1925  1930  I93i 

120  10  CALCUL6TE0  MAN-HOURS  PER  WEEK  ARE  BASED  ON  A  FORMULA  WHICH  RELATES 
MAN-HOUfiS  PER  WEEK  TO  DEFLATED  OUTPUT  AND  A  TIME  TREND-  FOR  THE  FAC- 
TUAL   DATA    AND  METHOD   USED    SEE    SUMMARY    NO     l20  la    IN    APPENDIX 


1920  I92S  1930  I93S 

FIG     120. lb    CALCULATED    CONSUMPTION    IS   BASED   ON    A    FORMULA   WHICH    RELATES    CONSUMP- 
TION   TO    INDUSTRIAL    PRODUCTION.    REAL    PRICE    AND    A  TIME   TREND       FOR   THE 
FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY    NO     120    16    IN     APPENDIX 


1920  IMi  |'J30  1935 

1210       CALCULATED     MAN-HOURS  ARE   BASED   ON   A    FORMULA  WHICH    RELATES    MAN- 
-HOURS    TO   PRODUCTION    AND  A  TiME  TREND.     FOR    THE    FACTUAL    DATA    AND 
METHOD    USED    SEE   SUMMARY    NO.    12lo   IN    APPENDIX. 


1920  I92i  1930  1935 

I2lt>       CALCULATED     CONSUMPTION    IS  BASED    ON    A    FORMULA    WHICH   RELATES    CON- 
SUWPTlON    TO   CONSUMER    INCOME.    INDUSTRIAL    PRODUCTION.    AND    A    TIME 
TREND.    FOR    THE    FACTUAL    DATA   AND   METHOD   USED    SEE   SUMMARY  N0.I2I     IN  APPENDIX 
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LUMBER     AND    MILLWORK- CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


l«0  192S  1930  1935 

FIG    122a     CALCULATED    MAN-HOURS    ARE    BASED    ON     A    FORMULA     WHICH     RELATES 

MAN-HOURS    TO    PROOUCTION    AND    A     TIME    TREND     FOR    THE    FACTUAL    DATA 
AND     METHOD    USED     SEE     SUMMARY    NO    1220     IN    APPENDIX 


1920  1925  1930  1935 

FIG     1220    CALCULATED     CONSUMPTION    IS    BASED    ON    A    FORMULA   WHICH    RELATES 

CONSUMPTION     TO     INDUSTRIAL     PROOUCTION    AND   AND    A    TIME    TREND    FOR  THE 
FACTUAL    DATA     AND  METHOD    USED     SEE     SUMMARY    NO.     122  D  IN     APPENDIX 


I — r 

MAN-HOURS 
lOOO-S) 


PAPER     PRODUCTS-  MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


PAPER  PRODUCTS- CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


1970                                                 1925                                                  1930                                                 1935  ^           1920                                                 1925                                                 1930                                                 1935 

FIG  1 230 CALCULATED   MANPOWER   IS    BASED    ON     A     FORMULA    WHICH    RELATES    MAN-HOURS  FIG    1230     CALCULATED     CONSUMPTION    IS    BASED  ON    A    FORMULA    WHICH  RELATES 

TO    DEFLATED    OUTPUT     AND    A    TIME     TREND       FOR    THE    FACTUAL   DATA    AND  CONSUMPTION    TO    CONSUMER    INCOME    AND    A     TIME    TREND.    FOR    THE  FACTUAL 
METHOD   USED    SEE    SUMMARY    NO.    1230     IN    APPENDIX 


DATA    AND    METHOD    USED    SEE    SUMMARY     NO.     123  0     IN    APPENDIX 
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FURNITURE    AND    RELATED    PRODUCTS   -   CONSUMPTION 

ACTUAL  AND   CALCULATED  CONSUMPTION 


FlG.  l24o  CALCULATED  MANHOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN-HOURS  FIG.  124b  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES  CON- 
TO  DEFLATED  VALUE  OF  PRODUCTION  AND  A  TIME  TREND.  FOR  THE  FACTUAL  SUMPTION  TO  CONSUMER  INCOME,  CONSTRUCTION  VALUE  AND  A  TIME  TREND. 
DATA    AND    METHOD    USED    SEE   SUMWARY    NO.  1240     IN    APPENDIX.  FOR    THE    FACTUAL  DATA   AND  METHOD  USED    SEE    SUMMARY  NO.  124b  IN   APPENDIX. 


MANHOURS 
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(MILLIONS* 


MISCELLANEOUS    LUMBER    PRODUCTS   -    MANPOWER 

ACTUAL   AND   CALCULATED   MAN-HOURS 


r~r 


INDEX    PRINTING  AND  PUBLISHING  -NEWSPAPER   AND    PERIODICAL' 

1929  =  100  -MANPOWER 


1920  1925  1930  1935 

FIG.    125a      CALCULATED    MAN-HOURS     ARE    BASED    ON   A    FORMULA    WHICH    RELATES    WAN-HOURS 
TO   INDUSTRIAL    PRODUCTION    AND  A  TIME  TREND.     FOR   THE    FACTUAL   DATA   AND 
METHOD  USED    SEE    SUMMARY     NO     l25o     IN    APPENDIX. 


1920  1925  1930  1935 

I     CALCULATED     WAGE-EARNER    HOURS    ARE    BASED  ON  A   FORMULA   WHICH   RELATES 

WAGE-EARNERS  HOURS    TO    PRODUCTION   AND    A    TIME   TREND.      FOR   THE    FACTUAL   DATA 
AND    METHOD   USED   SEE    SUMMARY   NO.   1260    IN    APPENDIX. 
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I    PRINTING   AND    PUBLISHING-NEWSPAPER 


PRINTING    AND   PUBLISHING-BOOK, 
MUSIC   AND   JOB-MANPOWER 

ACTUAL  AND  CALCULATED  WAGE   EARNER  HOURS 


FIS.  1261)   CALCULATED    OUTPUT  IS  BASED  ON  A  FORMULA   WHICH    RELATES    OUTPUT 
TO  AN   AVERAGE   OF   INDUSTRIAL  PRODUCTION    AND   CONSUMERS    INCOME, 
AND  A   TIME  TREND.  FOR   THE    FACTUAL    DATA    AND    METHOD    USED    SEE 
SUMMARY    NO  126b  IN   APPENDIX. 


FIG.  12610    CALCULATED    WAGE-EARNERS    HOURS    ARE    BASED    ON    A    FORMULA    WHICH 
RELATES    WAGE-EARNERS   HOURS  TO  VALUE   OF  PRODUCT  DEFLATED   BY 
COST  OF  LIVING.  FOR   THE  FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY 
NO    126  10    IN   APPENDIX. 


BOOK  MUSIC   AND   JOB    PRINTING 

ACTUAL  AND  CALCULATED  OUTPUT 
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FIG.  126  16  CALCULATED  OUTPUT  IS  BASED  ON  A  FORMULA  WHICH  RELATES  OUTPUT 
TO  CONSUMER  INCOME  AND  A  TIME  TREND  FOR  THE  FACTUAL  DATA  AND 
METHOD    USED    SEE     SUMMARY    NO     126  1b    IN    APPENDIX. 


PRINTING   a   PUBLISHING-ALLIED 
INDUSTRIES- MANPOWER 

ACTUAL  AND  CALCULATED  EMPLOYMENT 


FIG    126  20  CALCULATED    EMPLOYMENT    IS    BASED    ON   A    FORMULA  WHICH    RELATES 
EMPLOYMENT    TO      CONSUMER    INCOME   AND  A    TIME    TREND    FOR    THE 
FACTUAL    DATA    AND   METHOD    USED   SEE    SUMMARY    NO  126  20   IN    APPENDIX 


Patterns  oj  Resource  Use 


57 


CHART  XXXIX 


RUBBER  TIRES  AND   TUBES-MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


FIG    1270    CALCULATED    MAN-HOURS    ARE    BASED    ON    A    FORMULA    WHICH    RELATES 

MAN-HOURS    TO    INDUSTRIAL     PRODUCTION     AND   A    TIME     TREND,    FOR    THE 
FACTUAL    DATA    AND    METHOD   USED    SEE    SUMMARY    NO.  l27o    IN   APPENDIX. 


,mTlio™  «°u"iV,    RUBBER   TIRES   AND  TUBES-CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 
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FIG    1276    CALCULATED    CONSUMPTION    IS    BASED    ON    A   FORMULA    WHICH     RELATES 

CONSUMPTION  TO  INCREASE  IN  REGISTRATION  DURING  YEAR,  TOTAL  TIRES 
WORN  OUT,  AND  A  TIME  TREND.  FOR  THE  FACTUAL  DATA  AND  METHOD  USED 
SEE    SUMMARY    NO.  1271)    IN    APPENDIX. 
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RUBBER    PRODUCTS   OTHER   THAN 
TIRES    a    TUBES-CONSUMPTION 

ACTUAL  AND  CALCULATED  CONSUMPTION 


FIG-  l28o  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN- 
HOURS  TO  OTHER  RUBBER  PRODUCTS  AND  A  TIME  TREND.  FOR  THE  FACTU- 
AL   DATA    AND    METHOD    USED    SEE    SUMMARY    NO    l2Bo   IN   APPENDIX 


FIG.  128b    CALCULATED    CONSUMPTION   IS    BASED    ON    A   FORMULA    WHICH    RELATES 

CONSUMPTION    TO   INDUSTRIAL    PRODUCTION    AND  A   TIME    TREND    FOR  THE 
FACTUAL   DATA   AND    METHOD    USED    SEE    SUMMARY   NO  128b  IN  APPENDIX. 
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FIG.  l29o    CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH   RELATES    MAN- 
HOURS  TO  PRODUCTION  AND  A  TIME  TREND.    FOR  THE  FACTUAL  DATA  AND  METHOD 
USED  SEE   SUMMARY    NO  129a  IN  APPENDIX. 
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FIG.  129b    CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES 

CONSUMPTION   TO  AN  AVERAGE  OF  INDUSTRIAL  PRODUCTION  AND  CONSUMER 
INCOME  AND  A  TIME  TREND.    FOR  THE  FACTUAL  DATA  AND  METHOD  USED 
SEE  SUMMARY   NO.  I29b  IN  APPENDIX. 


PAINTS    AND  VARNISH    -    MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


I — r 


PAINTS    AND  VARNISHES 

ACTUAL   AND   CALCULATED   CONSUMPTION 


FIG.  129.10   CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES 

MAN-HOURS  TO  PRODUCTION  AND  A  TIME   TREND.   FOR  THE   FACTUAL  DATA 
AND  METHOD  USED  SEE   SUMMARY   NO. 129  lo  IN  APPENDIX. 


FIG.  I29.lb    CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES 

CONSUMPTION   TO  CONSUMER    INCOME  ANO  A  TIME  TREND.    FOR    THE    FACTUAL 
DATA   AND  METHOD  USED  SEE  SUMMARY    NO.  129. lb  IN   APPENDIX. 
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PETROLEUM    REFINING       -      MANPOWER 

ACTUAL   AND   CALCULATED   EMPLOYMENT 


IS?0  I9?i  T93CI  19 

FIG,  1310    CALCULATED   EMPLOYMENT  IS  BASED  ON  A  FORMULA  WHICH  RELATES 

EMPLOYMENT   TO   OIL   RUN  TO   STILLS.     FOR    THE    FACTUAL   DATA   AND  METHOD 
USED  SEE  SUMMARY  NO.  I3la    IN   APPENDIX 


'^^"  1925  t930  193b 

FIG    I  Jib     CALCULATED    CONSUMPTION    IS   BASED    ON    A   FORMULA    WHICH   RELATES 

CONSUMPTION    TO  CONSUMER    INCOME   AND  A  TIME  TREND      FOR    THE    FACTUAL 
DATA   AND  METHOD  USED  SEE  SUMMARY  NO    l3lb  IN  APPENDIX. 
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FIG   t3l(  CALCULATED  CONSUMPTION   IS  BASED  ON   A  FORMULA  WHICH   RELATES 

GASOLINE    CONSUMPTION    TO  CONSUMER    INCOME,    EQUATED   CARS  IN  USED    AND 
A   TIME   TREND      FOR  THE  FACTUAL   DATA   AND  METHOD  USED   SEE   SUMMARY 
NO    I3lc    IN   APPENDIX 

73674—39 5 


1920  1925  1930  1935 

FIG  I32a  CALCULATED  MANPOWER  iS  BASED  ON  A  FORMULA  WHICH  RELATES  MANPOWER 

TO  Class  production  and  a  time  trend,  for  the  factual  data  and 

METHOD  USED   SEE    SUMMARY   NO    I320   IN  APPENDIX 
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GLASS 

ACTUAL  AND  CALCULATED  OUTPUT 


1935 
32b   CALCULATED  OUTPUT  IS  BASED  ON  A  FORMULA  WHICH  RELATES  OUTPUT  TO 
INDUSTRIAL   PRODUCTION,  DEFLATED   PRICE  OF  GLASS  PRODUCTS  AND  A 
TIME   TREND.   FOR   THE  FACTUAL   DATA   AND  METHOD  USED  SEE  SUMMARY 
NO. 132b    IN  APPENDIX 


MAN  Houns 
PLR  YEAR 
(MILLIONS) 


CEMENT  -  MANPOWER 

ACTUAL   AND   CALCULATED   MAN-HOURS 


FIG. 133a   CALCULATED    MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN- 
HOURS    TO  PRODUCTION  AND  A  TIME  TREND.    FOR  THE  FACTUAL  DATA 
AND  METHOD  USED  SEE  SUMMARY  N0.I330  IN  APPENDIX, 
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19Z5  1930  1935 

FIG.  133b    CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES 

CONSUMPTION   TO  CONSUMER   INCOME,   CONSTRUCTION  AND  A   TIME   TREND. 
FOR  THE  FACTUAL  DATA   AND  METHOD  USED  SEE  SUMMARY   NO.  133b   IN 
APPENDIX. 


CLAY   PRODUCTS 

(OTHCR    THAN    POTTtRY) 
ACTUAL  AND  CALCULATED  MAN-HOURS 
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I9?0  1975  1930  '935 

l34o  CALCULATED  MAN-HOURS   ARE  BASED  ON  A  FORMULA   WHICH  RELATES  MAN- 
HOURS   TO  PRODUCTION   AND  A   TIME  TREND.      FOR   THE  FACTUAL   DATA    AND 
METHOD  USED  SEE  SUMMARY  N0.I34Q  IN  APPENDIX. 
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CLAY     PRODUCTS 

(OTMCR     THAN     POTTEflY} 
ACTUAL  AND  CALCULATED  CONSUMPTION 


■  10 
FIG. 


POTTERY  -  MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


1920 
134  21) 
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1930 


1935 


CALCULATED  CONSUMPTION    IS    BASED  ON    A   FORMULA    WHICH    RELATES 
CONSUMPTION    TO    INDEX    OF    MANUFACTURES    (EXCLUDING    MINING  1.  DEFLATED 
VALUE    OF  CONSTRUCTION  AND   A   TIME   TREND.     FOR     THE    FACTUAL    DATA    AND 
METHOD   USED    SEE    SUMMARY    NO.    134     D    IN    APPENDIX 


1920  1925  1930  1935 

FIG.  134  10  CALCULATED    MAN-HOURS    ARE    BASED   ON    A    FORMULA    WHICH    RELATES 
MAN-HOURS    TO    PRODUCTION   AND   A    TIME    TREND.   FOR   THE    FACTUAL   DATA 
AND    METHOD   USED    SEE    SUMMARY     NO     134    I        IN     APPENDIX 
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PER    WEEK 

(MILLIONS) 


MARBLE,  GRANITE  AND  OTHER  GLASS  PRODUCTS 

ACTUAL  AND  CALCULATED  MAN-HOURS 


1920  1925  1930  1935 

FIG.  1341b  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES 
CONSUMPTION  TO  CONSUMER  INCOME  AND  A  TIME  TREND.  FOR  THE 
FACTUAL   DATA    AND    METHOD   USED    SEE      SUMMARY   NO.   134  IB  IN  APPENDIX 


1920  1925  1930  1935 

FIG.  1342aCALCULATED    MANPOWER     IS    BASED  ON    A    FORMULA    WHICH    RELATES    MAN- 
HOURS     TO     CONSUMER    IMCOME     AND  A  TIME    TREND     FOR    THE    FACTUAL 
DATA    AND    METHOD   USED   SEE    SUMMARY    NO     134   20    IN     APPENDIX 
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1920  1925  1930  I93S 

FI6.  135a  CALCULATED    MAN-HOURS     ARE    BASED    ON     A    FORMULA    WHICH    RELATES 

MAN-HOURS     TO    PRODUCTION     ANO    A   TIME    TREND.    FOR   THE    FACTUAL    DATA 
AND  METHOD    USED  SEE    SUMMARY     NO.    135a     IN      APPENDIX 


1920  1925  1930  193S 

FIG    135b    CALCULATED    CONSUMPTION     IS    BASED   ON    A    FORMULA    WHICH    RELATES 

CONSUMPTION   TO  CASH    GROUP   INCOME .  DEFLATED    BY   PRICES    PAID,  RATIO   OF 
PRICES     RECEIVED  TO    PRICES    PAID    BY    FARMERS    AND    A    TIME    TREND     FOR 
THE    FACTUAL    DATA  AND    METHOD    USED    SEE    SUMMARY    NO  135D  IN  APPfNDIX 
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COKE-  MANPOWER 

-ACTUAL  AND  CALCULATED  MAN-HOURS. 


1920 


1925  1930^  7935 

FIG     I36I)CALCULATED     MAN-HOURS     ARE    BASED    ON    A    FORMULA    WHICH    RELATES 

MAN-HOURS    TO    BITUMINOUS     COAL    CONSUMED   AND    A    TIME    TREND    FOR  THE 
FACTUAL     DATA     AND    METHOD  USED  SEE    SUMMARY    NO.    1360    IN    APPENDIX 


CONSUMPTION 
(MILLIONS 
NET    TONSi  COKE 


FOR     INDUSTRIAL    PURPOSES -CONSUMPTION 

I  I 

ACTUAL  AND  CALCULATED  CONSUMPTION   


1920  1925  1930  1935 

FIG    136 1>    CALCULATED     MAN-HOURS     ARE    BASED   ON  A    FORMULA    WHICH    RELATES 

CONSUMPTION    TO    PIG    IRON     PRODUCTION     ANO     A     TIME    TREND.    FOR    THE 
FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY     NO      136  D    IN    APPENDIX 
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MAN  HOURS 
PER  WEEK 
(MILLtONSi 


IRON    AND    STEEL-MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


CONSUMPTION 
iMILUONS  CR.  TONS) 


IRON    AND   STEEL-CONSUMPTION 

I 

ACTUAL  AND  CALCULATED  CONSUMPTION 


FIG.  l37o  CALCULATED  MAN-HOURS    ARE   BASED   ON    A   FORMULA    WHICH   RELATES    MAN- 
HOURS  TO  PRODUCTION    AND   A   TIME    TREND     FOR    THE    FACTUAL    DATA    AND 
METHOD   USED  SEE    SUMMARY    NO    137a    IN    APPENDIX 


FIG.  I37b  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES  IRON 
AND  STEEL  CONSUMPTION  TO  INDUSTRIAL  PRODUCTION  FOR  THE  FACTUAL 
DATA    AND    METHOD    USED  SEE    SUMMARY    I37b    IN  APPENDIX 


FIG    l38o   CALCULATED    EMPLOYMENT    IS    BASED    ON  A     FORMULA    WHICH   RELATES 

EMPLOYMENT   TO   PRODUCTION     AND    A    TIME    TREND      FOR    THE    FACTUAL    DATA 
AND    METHOD  USED    SEE    SUMMARY    NO     l38o    IN   APPENDIX 


FIG     laSb    CALCULATED    CONSUMPTION    IS    bASED    ON    A     FORMULA      WHICH     RELATES 
LEAD  CONSUMPTION    TO  INDUSTRIAL  PRODUCTION  AND  A    TIME   TREND.  FOR 
THE    FACTUAL  DATA    AND  METHOD   USED   SEE    SUMMARY   NO.  ISBc   IN    APPENDIX 


64 


National  Resources  Committee 


CHART   XLVI 


FIG.IJSC     CALCULATED    CONSUMPTION    IS    BASED    ON  A   FORMULA    WHICH    RELATES    ZINC 
CONSUMPTION  TO   INDUSTRIAL    PRODUCTION    AND    A    TIME    TREND      FOR    THE 
FACTUAL    DATA    AND    METHOD    USED    SEE    SUMMARY     NO,    138c    IN   APPENDIX. 


FIG.I38d     CALCULATED    CONSUMPTION    IS    BASED    ON   A    FORMULA    WHICH    RELATES 

CONSUMPTION    TO    INDUSTRIAL    PRODUCTION    AND    A    TIME     TREND     FOR    THE 
FACTUAL    DATA   AND   METHOD    USED    SEE    SUMMARY    NO.  138(1     IN    APPENDIX. 
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FlO.ISeio  CALCULATED  WAGE-EARNERS    ARE    BASED    ON    A    FORMULA   WHICH    RELATES 
WAGE -EARNERS    TO    PRODUCTION    OF  REFINED   COPPER    AND  A  TIME    TREND. 
FOR  THE   FACTUAL    DATA  AND  METHOD   USED   SEE    SUMMARY    NO.  138  la  IN  APPENDIX 


FIG  138  lb   CALCULATED  CONSUMPTION    IS  BASED   ON  A    FORMULA    WHICH    RELATES    CONSUMPTION 
TO  INDUSTRIAL    PRODUCTION,    CONSUMER    INCOME     AND    A   TIME    TREND      FOR    THE 
FACTUAL    DATA   AND    METHOD    USED    SEE     SUMMARY    NO  138  10    IN    APPENDIX. 
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1920  1925  1930  1935 

FICIJ90  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN-HOURS 
TO  DEFLATED  VALUE  OF  OUTPUT  AND  A  TIME  TREND  FOR  THE  FACTUAL  DATA 
AND    METHOD    USED    SEE     SUMMARY    NO.  1390    IN    APPENDIX. 


FIC  139b     CALCULATED    CONSUMPTION    IS    BASED    ON   A  FORMULA    WHICH    RELATES 

CONSUMPTION    TO  INDUSTRIAL    PRODUCTION,    DEFLATED    PRICE    AND   A    TIME    TREND. 
FOR  THE   FACTUAL   DATA  AND   METHOD   USED  SEE  SUMMARY   NO.  139b  IN   APPENDIX. 


MAN  HOURS 
IMILLIONS 
PER   WEEK) 


NON-FERROUS    METAL   PRODUCTS -MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


1920  1925  1930  1935 

F1G.1400  CALCULATED  MAN-HOURS    ARE    BASED  ON   A  FORMULA  WHICH   RELATES    MAN-HOURS 
TO   INDUSTRIAL    PRODUCTION.     FOR    THE    FACTUAL    DATA    AND    METHOD    USED    SEE 
SUMMARY    NO.  140fl    IN    APPENDIX. 


AUTOMOBILES  -  MANPOWER 

ACTUAL  AND  CALCULATED  MAN-HOURS 


1930 
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1920  1925 

FIG. 1410  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN-HOURS 
TO  PRODUCTION  AND  A  TIME  TREND.  FOR  THE  FACTUAL  DATA  AND  METHOD  USED 
SEE    SUMMARY    NO.  1410   IN   APPENDIX. 
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FIG.  I4lb     CALCULATED   PASSENGER  CAR  RETAIL  SALES  ARE  BASED  ON  A   FORMULA  WHICH 
RELATES  RETAIL  SALES    TO  REAL  INCOME  OF  WAGE-EARNERS,    REAL   INCOME 
OF  OTHER   THAN  WAGE-EARNERS.    CARS  AT  LEAST   SEVEN   YEARS   OF   AGE  AND  A 
TIME    TREND.      FOR    THE   FACTUAL   DATA   AND  METHOD   USED   SEE   SUMMARY 
NO    1416    IN   APPENDIX. 


'"0  '"S  1930  ,935 

FIG  l43o  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN- 
HOURS  TO  INDUSTRIAL  PRODUCTION  AND  A  TIME  TREND.  FOR  THE  FACTUAL 
DATA  AND  METHOD  USED  SEE  SUMMARY  NO.  143a   IN  APPENDIX. 
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FIG.  1440  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN- 
HOURS  TO  CONSUMER  INCOME  AND  A  TIME  TREND.  FOR  THE  FACTUAL  DATA 
AND   METHOD  USED  SEE    SUMMARY   NO.  144a    IN  APPENDIX. 
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AND  METHOD  USED  SEE  SUMMARY   NO.  l45o 
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FIG.  145  D    CALCULATED    CONSUMPTION    IS    BASED  ON  A    FORMULA   WHICH    RELATES 
CONSUMPTION    TO    CONSUMER    INCOME    AND    A  TIME    TREND     FOR    THE 
FACTUAL    DATA   AND   METHOD    USED    SEE     SUMMARY    NO.  I45D  IN  APPENDIX 


^MISCELLANEOUS    MANUFACTURING    INDUSTRIES  -  MANPOWER    A 

PER  WEfK 


1930  1^3& 

FiG   1460      CALCULATED     MAN-HOURS  ARE    BASED    ON    A    FORMULA     WHICH    RELATES 
MAN-HOURS    TO    INDUSTRIAL    PRODUCTION    AND  A    TIME   TREND.    FOR  THE 
FACTUAL    DATA    AND    METHOD  USED    SEE     SUMMARY    NO     146a   IN  APPENDIX 
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FIG.  2010  CALCULATED  WAGE-EARNERS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES 
WAGE- EARNERS  TO  OIL  AND  GAS  WELLS  DRILLED  AND  A  TIME  TREND.  FOR 
THE    FAJTUAL   DATA     AND  METHOD  USED    SEE    SUMMARY     NO  2010    IN   APPENDIX. 
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FIG.ZOIb     CALCULATED    WELLS    DRILLED     IS      BASED    ON    A    FORMULA   WHICH     RELATES 

OIL  AND  GAS  WELLS  TO  CRUDE  PETROLEUM  PRICES  ,  INDUSTRIAL  PRODUCTION, 
AND  A  TIME  TREND.  FOR  THE  FACTUAL  DATA  AND  METHOD  USED  SEE  SUMMARY 
NO.    201b    IN    APPENDIX. 
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fIG    2020     CALCULATED   MAN-DAYS    ARE  BASED  ON    A    FORMULA  WHICH  RELATES    MAN-DAYS      FIG.   202b    CALCULATED    CONSUMPTION     IS  BASED   ON    A    FORMULA  WHICH    RELATES    CON- 

^^^p^^^^    ^^    INDUSTRIAL    PRODUCTION,   CONSUMER    INCOME,  RATIO    OF  COAL 
TO   FUEL  OIL   PRICE,    EFFICIENCY    INDEX   AND  A    TIME    TREND.      FOR    THE  FACTUAL 


THE  UNDERGROUND    BITUMINOUS    COAL    PRODUCTION,    SIZE   OF  MINE    AND    A 
TIME    TREND.    FOR  THE   FACTUAL    DATA    AND    METHOD  USED   SEE    SUMMARY    NO. 


202o    IN    APPENDIX. 
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FIG.  2030    CALCULATEO     MAN-OOYS    ARE    BASED    ON    A   FORMULA    WHICH    RELATES    MAN-DAYS  FIG-  203b    CALCULATED     CONSUMPTION    IS    BASED  ON   A  FORMULA   WHICH   RELATES    CONSUMP- 
TO  ANTHRACITE    COAL  PRODUCTION    AND    A  TIME  TREND.     FOR    THE    FACTUAL   DATA  TlON    TO  CONSUMER    INCOME,    PRICE    RATIO  AND   A   TIME    TREND.    FOR    THE    FACT 

AND    METHOD    USED   SEE    SUMMARY    NO.  2030  IN    APPENDIX.  UAL    DATA    AND   METHOD  USED  SEE  SUMMARY    NO  203b  IN    APPENDIX. 
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FIG.  2040  CALCULATED  MAN-HOURS  ARE  BASED  ON  A  FORMULA  WHICH  RELATES  MAN 
-HOURS  TO  PRODUCTION  AND  A  TIME  TREND.  FOR  THE  FACTUAL  DATA  AND 
METHOD    USED    SEE   SUMMARY    NO.  204o  IN    APPENDIX. 
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FIG.  204b  CALCULATED  CONSUMPTION  IS  BASED  ON  A  FORMULA  WHICH  RELATES  CON- 
SUMPTION TO  INDUSTRIAL  PRODUCTION.  CONSTRUCTION  AND  A  TIME  TREND. 
FOR    THE    FACTUAL   DATA   AND   METHOD    USED   SEE   SUMMARY    NO  204b  IN  APPENOI?«. 
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FIG    2050     CALCULflTEO    MAN-HOUftS    ARE    BASED    OM    A   FORMULA    WHICH    RELATES 

MAN-HOURS    TO    PRODUCTION    AND   A  TIME    TREND.  FOR   THE    FACTUAL    DATA 
AND  METHOD    USED    SEE    SUMMARY    NO    205    IN    APPENDIX. 


FIG.    20Sb    CALCULATED    CONSUMPTION  >S    BASED  ON  A  FORMULA    WHICH   RELATES 

CONSUMPTION    TO  IRON  AND    STEEL    AVAILABLE   FOR    DOMESTIC    CONSUMP- 
TION  AND    A   TIME    TREND- FOR    THE    FACTUAL    DATA    AND    METHOD    USED 
SEE    SUMMARY   NO    20Sb   IN   APPENDIX 
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FIG.    2060     CALCULATED   MAN-HOURS  ARE  BASED   ON  A  FORMULA  WHICH    RELATES 

MAN-HOURS   TO  PRODUCTION  AND  A  TIME    TftENO.  FOR    THE    FACTUAL    DATA 
AND   METHOD  USED    SEE    SUMMARY    NO   206a    IN  APPENDIX. 
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BASED    ON    A    FORMULA  WHICH    RELATES 
CONSUMPTION    TO  REFINING    OF   NON-FERROUS    METALS  AND  A  TIME    TREND 
FOR    THE    FACTUAL  DATA   AND    METHOD    USED    SEE    SUMMARY   NO  206b  IN 
APPENDIX 
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CALCULATED   EMPLOYMENT    IS    BASED   ON   A   FORMULA  WHICH   RELATES 
EMPLOYMENT    TO   INDUSTRIAL   PRODUCTION     FOR  THE    FACTUAL  DATA    AND 
METHOD  USED    SEE    SUMMARY    NO    3010    IN  APPENDIX 
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CALCULATED   EMPLOYMENT  IS  BASED  ON   A   FORMULA  WHICH   RELATES 
EMPLOYMENT    TO    CONSUMER     INCOME    AND  A  TIME    TREND     FOR    THE  FACTUAL 
DATA    AND   METHOD    USED    SEE    SUMMARr    NO.  302o    IN   APPENDIX 
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CALCULATED    EMPLOYMENT    IS    BASED    ON    A    FORMULA    WHICH     RELATES 
EMPLOYMENT    TO      CONSUMER      INCOME    AND   A    TIME    TREND     FOR    THE    FACTUAL 
DATA  AND    METHOD    USED    SEE    SUMMARY    NO.  40lo    IN   APPENDIX 
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FIO     500o    CALCULATED    EMPLOYMENT    IS    BASED  ON    A   FORMULA    WHICH    RELATES 

EMPLOYMENT    TO   DEFLATED    OUTPUT    AND  A   TIME    TREND,    FOR    THE    FACTUAL 
DATA    AND   METHOD    USED    SEE    SUMMARY    NO.  500o    IN    APPENDIX, 
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FIO.  6010         CALCULATED     EMPLOYMENT    IS    BASED   ON    A    FORMULA  WHICH  RELATES    EMPLOY-  "FIC    6020        CALCULATED    EMPLOYMENT    IS    BASED    ON  A    FORMULA  WHICH    RELATES    EMPLOY- 
MENT   TO    CONSUMER    INCOME.      FOR   THE    FACTUAL    DATA   AND  METHOD  USED  SEE  MENT    TO   CONSUMER    INCOME.  AND  A  TIME   TREND.     FOR    THE    FACTUAL   DATA 
SUMMARY    NO.  6010    IN    APPENDIX.  AND    METHOD  USED    SEE    SUMMARY    NO.    602o    IN  APPENDIX. 
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FIG.  6030        CALCULATED    EMPLOYMENT    IS    BASED   ON  A   FORMULA    WHICH    RELATES   EMPLOY-  FIG.  604o       CALCULATED    EMPLOYMENT     IS    BASED    ON    A    FORMULA    WHICH    RELATES   EMPLOY- 
MENT   TO  CONSUMER    INCOME,  POPULATION     AND  A   TIME  TREND.     FOR    THE    FACT-  mENT     TO   CONSUMER    INCOME.  AND    A  TIME    TREND.     FOR    THE    FACTUAL    DATA 
UAL    DATA    AND    METHOD   USED    SEE    SUMMARY    NO-  603o    IN    APPENDIX-  ANO   METHOD  USED   SEE  SUMMARY    NO    604a    IN   APPENDIX. 
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PIG  6050  CALCULATED  EMPLOYMENT  IS  BASED  ON  A  FORMULA  WHICH  RELATES 
EMPLOYMENT  TO  CONSUMER  INCOME  (NON  .WAGE-EARNER)  AND  A  TIME 
TREND.  FOR  THE  FACTUAL  DATA   AND  MtTHOO  USED  SEE  SUMMARY  NO  6050  IN  APf  iNOIX 
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FIG.  6060     CALCULATED   MANPOWER    IS    BASED    ON    A   FORMULA  WHICH    RELATES 
MANPOWER    TO    CONSUMER    INCOME     FOR    THE    FACTUAL  DATA    AND 
METHOD    USED    SEE    SUMMARY    NO.    6060    IN    APPENDIX. 
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FIG   6070    CALCULATED    EMPLOYMENT    IS   BASED  ON   A  FORMULA  WHICH  RELATES 
EMPLOYMENT    TO    CONSUMER    INCOME   AND  A  TIME   TREND   FOR   THE 
FACTUAL    DATA  AND    METHOD   USED    SEE   SUMMARY  NO  6070    IN    APPENDIX 
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PIG.  1000  CALCULATED    VALUE   OF    IMPORTS    IS    BASED    ON    A  FORMULA    WHICH  RELATES    VALUE 
OF    IMPORTS    TO    CONSUMER    INCOME,    VALUE    OF    INDUSTRIAL    PRODUCTION    AND    A 
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NO.  1000    IN    APPENDIX. 
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APPENDIX     1 
METHODOLOGY 


I.  Introduction 

The  purpose  of  this  appendix  is  to  describe  the  tech- 
nical procedure  used  for  deriving  relationships  and 
constructing  patterns  of  resource  use  as  outlined  in  the 
text,  and  to  give  summary  descriptions  of  the  principal 
relationships  worked  out. 

The  principal  stages  in  pattern  constniction  can  be 
briefly  enumerated  as  follows:  First,  segmentation — 
division  of  the  whole  economy  into  adequate  segments; 
second,  analysis  of  segments — derivation  of  the  under- 
lying economic  relationsliips  characterizing  each  seg- 
ment and  embodying  them  in  statistical  formulas;  and 
third,  construction  of  patterns  of  resource  use — selection 
of  assumptions  as  the  basis  for  particular  patterns  of 
resource  use  and  the  calculation  of  the  conversion 
activities  of  all  segments  proper  to  these  assumptions. 

Tliis  appendix  covers  each  of  these  three  stages. 
Section  II  discusses  segmentation  and  section  III  to 
VII  take  up  methods  of  discovering  relationships,  con- 
sumption relationsliips  connecting  each  segment  with 
factors  in  its  economic  environment,  and  conversion 
relationsliips  connecting  input  and  output  witliin  the 
segment.  Section  VIII  deals  with  pattern  construc- 
tion— assembhng  the  figures  for  individual  segments 
into  an  integrated  pattern  for  the  whole  economy. 

II.  Segmentation 

The  first  step  towards  building  patterns  of  resource  use 
is  to  divide  up  the  whole  economy  into  industries  or 
industrial  segments  which  can  be  analyzed  separately 
for  the  purpose  of  discovering  underlying  economic 
relationships.  The  aim  of  segmentation  is  not  only  to 
present  detail  that  is  more  useful  than  a  general  ag- 
gregate, but  to  obtain  segments  whose  underlying  rela- 
tionships can  be  stated  in  reasonably  simple  terms. 
This  section  will  examine  the  considerations  which 
should  govern  tliis  division  into  segments  and  then 
present  the  segmentation  scheme  used  in  this  study. 

A.  Considerations  Governing  Segmentation 

In  dividing  up  the  whole  economy  into  separate  seg- 
ments the  three  major  considerations  are:  (1)  That  each 
segment  be  as  homogeneous  in  function  as  possible;  (2) 
that  the  number  of  separate  segments  be  kept  as  low  as 
possible;  and  (3)  that  existing  classifications  be  followed 
so  far  as  possible.  These  three  considerations  tend 
to  be  in  conflict  and  a  balance  among  them  must  be 
worked  out. 


1.  Selecting  homogeneous  segments. — All  activity  in  a 
single  segment  must  be  capable  of  being  treated  as 
homogeneous.  From  the  standpoint  of  the  objectives 
of  this  study  homogeneity  of  segments  has  reference 
chiefly  to  economic  homogeneity,  viz,  having  similar 
economic  characteristics.  Thus  activity  producing  ul- 
timate consumption  goods  and  that  producing  capital 
goods  should  be  kept  separate  as  far  as  possible.  So 
also  should  the  production  of  necessities  and  of  luxury 
goods.  Likewise  productive  activity  involving  highly 
flexible  prices  or  price  margins  should  be  differentiated 
from  activity  involving  inflexible  prices  or  inflexible 
price  margins.  Similarly,  the  production  of  commodi- 
ties with  an  clastic  demand  and  of  those  with  inelastic 
demand  require  separate  treatment,  as  do  expanding 
industries  in  contrast  to  contracting  industries.  Finally 
the  character  of  the  services  rendered  or  commodities 
produced  and  the  techniques  employed  give  a  basis  for 
subdivision.  The  above  differences  form  the  most 
fundamental  basis  for  division  into  segments.  The 
expectation  is  that  by  having  within  one  segment  only 
activities  wliich  are  similar,  the  problem  of  analysis  will 
be  simplified  and  the  results  will  be  more  reliable. 

"Similar"  and  "homogeneous"  are  relative  words. 
All  shoemaking  could  be  lumped  together  and  treated 
as  a  single  function.  Or  the  making  of  men's  shoes 
coifld  be  treated  as  a  single  segment  while  women's 
shoes  could  involve  a  second  segment  and  cliildren's 
shoes,  a  third.  Similarly,  bituminous  coal  could  con- 
stitute a  single  segment  or  it  could  be  divided  into  two 
segments,  one  for  open-pit  mining  and  one  for  under- 
ground mining.  Wherever  separate  activities  can  be 
described  in  terms  of  a  common  fimction,  however 
broad  or  however  narrow,  those  activities  can  be 
grouped  together  witliin  a  single  segment. 

As  economic  activity  is  divided  into  a  larger  and 
larger  number  of  segments,  it  is  possible  to  make  each 
segment  more  nearly  homogeneous.  Agriculture  could 
constitute  one  segment,  manufacturing  another,  and 
distribution  a  third.  Or  each  of  these  could  be  sub- 
divided, giving  such  segments  as  wheat  raising,  cotton 
raising,  shoemaking,  textile  manufacture,  and  grocery 
distribution.  Each  of  these  in  turn  could  be  further 
divided.  Wheat  raising  could  be  broken  into  soft- 
wheat  raising,  hard-wheat  raising,  etc.  Textile  manu- 
facture could  be  split  according  to  the  different  fibers 
used  and  according  to  different  steps  in  the  process  of 
manufacture — carding,    spinning,    weaving,    finishing. 
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The  number  of  segments  into  which  industry  could  be 
subdivided  is  limited  only  by  the  number  of  separate 
functions  into  which  economic  activity  itself  can  be 
divided,  and  the  greater  the  subdivision  the  more  homo- 
geneous it  is  possible  to  make  the  separate  segments. 

Historically  a  variety  of  criteria,  having  bearing  on 
economic  homogeneity,  have  been  employed  in  dividing 
all  economic  activity  into  separate  functions  and  sepa- 
rate segments.  Activities  have  sometimes  been  treated 
as  involving  a  common  function  if  they  make  use  of  a 
common  raw  material — the  manufacture  of  "leather 
products  other  than  shoes"  could  be  taken  as  a  common 
function.  Technologically  different  activities  have 
sometimes  been  grouped  if  they  produce  a  common 
product,  as  for  instance  the  coke  or  rayon  industries. 
Or  sometimes  separate  activities  may  be  grouped  be- 
cause their  products  are  capable  of  performing  the  same 
function,  for  example,  the  clothing  industry.  Or 
grouping  may  be  based  on  the  use  of  a  common  proc- 
ess— byproduct  coke  in  contrast  to  beehive  coke  manu- 
facture or  on  the  type  of  change  affected,  chemical  as 
against  other  form  of  change.  Other  groupings  are 
possible,  such  as  groupmg  by  the  nature  of  the  organiza- 
tion, whether  individual,  partnership,  corporation,  or 
govenmient  or  grouping  by  the  characteristics  of  the 
product  whether  perishable  or  durable.  More  often  a 
combination  of  criteria  is  employed  as  in  the  case  of 
the  cotton-textile  industry  and  the  meat-packing  indus- 
try where  the  raw  material  and  the  process  both  enter 
into  the  definition,  or  the  metal  furniture  industry 
where  both  the  raw  material  and  the  function  of  the 
product  enter. 

For  the  present  purpose,  no  single  criterion  of  di- 
vision into  segments  can  be  adopted  except  the  general 
criterion  that  segments  are  most  homogeneous  when 
substantially  the  same  raw  materials  are  used,  substan- 
tially the  same  products  arc  obtained,  and  substantially 
the  same  process  is  employed  in  converting  one  into 
the  other. 

While  all  of  these  desiderata  should  be  kept  in  mind 
in  segmenting  industry,  the  practical  problems  intro- 
duced by  existing  statistical  classifications  of  data  and 
the  difficulties  of  collecting  data  are  such  that  any 
working  segmentation  is  likely  to  depart  widely  from  the 
criteria  just  indicated  and  a  high  degree  of  homogeneity 
in  segments  is  not  likely  to  be  attained. 

2.  Keeping  down  the  number  oj  segments. — In  direct 
conflict  with  the  effort  to  get  a  high  degree  of  homo- 
geneity in  individual  segments  is  the  necessity  of  keeping 
the  number  of  segments  within  reasonable  boimds. 
While  increasing  the  number  of  segments  allows  the 
individual  segments  to  be  made  more  homogeneous, 
after  a  certain  point,  it  makes  the  analysis  more  diffi- 
cult. This  arises  from  three  causes.  First,  an  increase 
in  the  number  of  segments  increases  the  analytical  work 


in  proportion.  Second,  as  the  number  of  segments 
mounts,  the  job  of  constructing  patterns  of  resource 
use  becomes  more  complex.  Tliird,  the  anal)'sis  of 
segments  resulting  from  a  minute  subdivision  of  indus- 
try is  more  difficult  because  the  factors  relating  a  small 
segment  to  the  rest  of  the  economy  are  less  likely  to  be 
basic  to  the  economy  as  a  whole,  such  as  consumer 
buying  power,  and  price  level,  and  are  more  apt  to  be 
of  a  less  predictable  sort  such  as  the  degree  of  sales 
promotion,  stj-le  and  quality  factors,  and  popular  fancy. 
Thus,  while  women's  clothing  as  a  whole  may  be 
treated  fairly  satisfactorily  as  a  single  segment,  the 
results  of  statistical  treatment  of  a  single  subdivision 
such  as  women's  tailor-made  suits  are  likely  to  be  un- 
satisfactory and  unreliable. 

Thus,  even  if  the  statistical  material  could  be  ob- 
tained to  make  possible  a  high  degree  of  subdivision 
into  separate  segments,  both  theoretical  and  practical 
objections  arise  and  a  balance  has  to  be  worked  out 
between  the  advantages  of  greater  homogeneity  that 
go  with  a  larger  number  of  segments  and  the  advantages 
of  convenience,  simplicity,  and  reliability  which  go 
with  a  smaller  number  of  segments. 

3.  The  limitations  on  segmentation  due  to  available 
data. — So  far  as  the  immediate  future  is  concerned,  the 
dominant  factor  in  determining  the  lines  of  division 
into  segments  is  necessarily  the  available  data  and  the 
classifications  employed  by  agencies  now  collecting  sta- 
tistical material.  While  it  is  possible  to  combine  the 
data  for  classifications  now  employed,  it  is  difficult  if 
not  impossible  to  take  existing  data  and  rework  it  in 
terms  of  an  entirely  different  classification. 

The  problem  of  working  out  the  best  segmentation  in 
the  light  of  the  need  for  homogeneity,  the  need  for 
limiting  the  number  of  segments,  and  limits  of  existing 
data  is  necessaiily  a  matter  of  compromise  and  trial 
and  error.  Experience  vnth  the  analysis  of  the  rela- 
tionsliips  involved  in  particular  segments  should  indi- 
cate ways  of  improving  any  initial  segmentation  that 
may  be  adopted.  It  may  turn  out  that  some  segments 
can  advantageously  be  combined  while  others  should 
be  split  up.  Only  actual  experience  can  indicate  the 
most  effective  di\nsion. 

B.  A  Provisional  Division  of  the 
American  Economy  into  Segments 

As  a  first  step  toward  the  segmentation  of  all  industry, 
the  division  indicated  in  chart  XV  was  adopted.  The 
relative  importance  of  each  division  (measured  by  the 
number  of  man-j'ears  of  activity  in  1935)  is  indicated 
by  the  area  blacked  in. 

This  chart  gives  an  initial  panorama  of  productive 
activity  in  the  American  economy.  The  general  flow 
of  materials  runs  from  the  top  to  the  bottom  of  the 
chart,  though  many  minor  flows  such  as  the  back-flow 
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of  manufactured  goods  to  be  used  in  agriculture  and 
mining  run  in  the  opposite  direction.  Most  raw  mate- 
rials originate  in  agriculture,  in  mining,  and  in  imports 
from  abroad  (not  showTi).  The  great  bulk  of  raw 
materials  then  goes  to  manufacturing.  The  items 
leaving  the  manufacturing  segment  go  for  the  most  part 
to  consumption  (through  trade),  to  construction,  or  to 
exports  (also  not  shown).  At  the  left  of  the  chart  are 
the  service  industries  including  government,  public 
utilities,  and  services  to  the  consumer. 

While  tliis  division  of  the  economy  into  1 1  segments 
represents  an  appropriate  first  step  in  segmentation, 
the  economy  needs  to  be  divided  into  a  larger  number 
of  segments  than  are  shown  in  tliis  first  diagram  if 
useful  patterns  of  resource  use  are  to  be  developed. 
Chart  XVI  shows  the  division  into  81  segments  used 
in  the  present  study.  The  agricultural  segment  of 
chart  XV  has  been  kept  intact  but  minerals  has  been 
spUt  into  5  segments,  manufacturing  into  50  segments, 
and  so  forth.  Most  of  the  splitting  has  been  done 
in  the  manufacturing  area  and  the  manufacturing 
segments  have  been  arranged  in  three  lines  represent- 
ing, roughly,  successive  steps  of  processing.  Some 
materials  go  through  only  one  processing,  e.  g.,  most 
dairy  products,  and  thereafter  move  directly  to  the 
consumption  area  via  the  distribution  segments. 
Others  go  through  as  many  as  three  processings,  for 
example,  cloth  made  in  the  cotton  textile  segment 
may  go  to  the  finishing  segment  and  from  there  to  the 
"wearing  apparel  made  from  purchased  fabrics"  seg- 
ment. 

As  a  general  rule  the  segmentation  used  by  the 
Department  of  Commerce  in  its  national  income  studies 
has  been  followed.  Experience  showed,  though,  that 
it  was  advisable  to  combine  certain  of  the  industries 
reported  separately  in  the  national  income  estimates. 
For  example,  retail  trade  was  treated  as  one  segment 
in  calculating  employment  because  statistics  covering 
the  several  desired  segments  are,  in  general,  not  avail- 
able. Likewise,  agriculture  had  to  be  treated  as  a 
single  segment  for  the  same  reason. 

The  figures  shown  in  chart  XV  are  in  terms  of 
equivalent  fuU-time  employment  for  all  persons  en- 
gaged in  each  of  the  11  segments.  The  figiu-es  in 
chart  XVI  are  also  given  in  terms  of  equivalent  fidl- 
time  employment.  In  the  manufacturing  and  mining 
segments,  only  wage  earners  are  indicated,  and  non- 
wage  earners  have  been  set  up  as  a  separate  segment. 

Central  administrative  office  employees  in  manu- 
facturing are  reported  by  the  1929  census  only  in  total, 
and  the  1935  figure  had  to  be  calculated  on  the  basis 
of  the  ratio  of  salaried  employees  for  the  2  years. 
There  is  no  way  of  allocating  them  to  their  proper 
segments  except  by  some  arbitrary  proration  formula. 
In  order   to   avoid   this,   central  office  employees  in 


manufacturing  and  mining  were  included  in  the  segment 
covering  nonwage  earners  in  manufacturing  and  mining. 
The  final  segments  used  in  this  study  are  defined  in 
the  summaries  which  appear  in  Appendix  2. 

III.  Selecting  the  Factors  and 
Developing  a  Working  Hypothesis 
as  to  Their  Relationship 

Once  the  whole  economy  has  been  divided  into  seg- 
ments, the  next  stage  in  the  process  is  to  analyze  each 
segment  separately  so  as  to  discover,  insofar  as  possible, 
its  most  important  economic  operating  characteristics, 
and  embody  these  in  formulae  representing  the  relation- 
ships between  them.  Several  steps  or  phases  of  the 
analysis  may  be  distinguished,  the  first  two  of  which  will 
be  considered  in  this  section. 

The  first  step  is  to  decide  on  the  input  and  output 
items  of  significance  to  the  segment  and  give  them  as 
precise  a  definition  as  possible.  Thus,  for  the  bitumi- 
nous coal  industry  only  one  item  of  output,  coal,  is  sig- 
nificant, wlulc  the  main  item  of  input,  overshadowing 
all  others,  is  manpower. 

The  second  step  is  to  select  the  factors  whose  varia- 
tion is  regarded  as  likely  to  be  related  significantly  to 
the  variation  in  the  input  or  output  items  and  to  develop 
a  working  hypothesis  as  to  their  relation. 

The  third  step  is  to  bring  together,  adjust,  and  organ- 
ize the  data  representing  the  selected  factors  for  the 
period  to  be  considered  (section  IV) . 

The  fourth  step  is  to  test  the  hypothesis  developed 
above  as  to  how  these  factors  are  interrelated  by  the  use 
of  correlation  analysis,  first  by  grapliical  analysis,  and 
second  by  numerical  analysis  which  fits  a  formula  to  the 
data  according  to  standard  correlation  techniques 
(section  V). 

The  final  step  is  to  revise  and  improve  the  hypothesis 
in  the  light  of  the  results  obtained.  This  involves  a 
repetition  of  the  steps  indicated  above  but  with  the  fresh 
background  of  the  results  obtained  and  any  new  knowl- 
edge that  can  be  brought  to  bear  on  the  problem. 

WTiile  the  procedure  to  be  followed  in  the  analysis  of 
segments  can  be  set  forth  in  the  above  five  separate 
steps,  in  practice  the  five  steps  tend  to  be  intermingled 
so  that  more  than  one  step  is  carried  on  simultaneously. 
They  are  separated  here  because  each  involves  its  own 
special  set  of  problems  which  will  be  analyzed  below. 

A.  Determining  and  Measuring  the 
Items  of  Input  and  Output 

In  deciding  on  the  items  of  input  and  output  for  a 
particular  segment  and  giving  them  precise  definition, 
three  main  problems  arise:  First,  what  are  the  signifi- 
cant items  of  input  and  output;  second,  at  what  points 
in  the  economic  process  should  they  be  measured;  and 
third,  in  what  units  should  they  be  measured. 
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The  items  of  input  and  output  which  belong  with  a 
particular  segment  are  determined  in  the  process  of 
dividing  up  the  whole  economy  into  segments.  Thus, 
if  the  shoe  industry  is  chosen  as  a  single  segment,  shoes, 
slippers,  scrap  leather,  waste,  and  other  items  constitute 
the  output  while  manpower,  leather,  shoe  findings,  use 
of  shoe  machinerj-,  repair  parts,  electric  power,  coal,  oil, 
grease,  and  a  host  of  other  items  constitute  the  input 
items. 

It  is  necessary  to  deal  only  with  the  significant  items 
of  input  and  output  for  purposes  of  segment  analysis. 
An  item  is  significant  for  the  purpose  in  hand  only  if  it 
constitutes  the  initial  use  of  ultimate  resources — man- 
power, use  of  capital  equipment,  natural  resources — 
or  else  is  an  output  item  of  some  other  segment,  and 
if  it  constitutes  a  major  j)art  of  the  value  of  the  total 
input  for  the  segment  being  analyzed.  Thus,  shoe 
findings,  repair  parts,  oil,  grease,  etc.,  are  presumably 
not  significant  input  items  in  the  shoe  industry.  Like- 
wise, the  only  significant  items  of  output  are  those 
which  constitute  a  major  part  of  the  value  of  the  total 
output  for  the  segment.  Scrap  leather,  waste,  etc., 
are  presumably  not  significant  output  items.  The 
degree  of  refinement  to  which  the  analysis  is  being 
carried  will,  in  large  measure,  determine  whether  or 
not  a  particular  item  is  said  to  constitute  a  major  part 
of  the  value  of  the  total  input  or  output  of  a  segment. 

Once  the  significant  items  have  been  decided  upon, 
the  next  problem  is  to  decide  on  the  exact  point  in  the 
economic  process  at  which  they  should  be  measured. 
In  dealing  with  the  cotton  textile  segment,  is  it  prefer- 
able to  measure  cotton  cloth  output  as  the  cloth  comes 
off  the  looms  or  as  it  is  shipped  by  the  manufacturers 
or  as  it  comes  from  the  textile  finishers?  Each  of  these 
would  be  a  valid  point  of  measurement,  yet  in  most 
cases  each  would  give  a  different  figure.  The  exact 
point  of  measurement  for  an  item  of  input  or  output 
must  be  largely  determined  on  the  one  band  by  the 
point  at  wluch  the  best  statistical  series  are  available 
and  on  the  other  hand  by  the  point  at  which  it  is  most 
desirable  to  draw  the  segmental  lines  in  order  to  give 
the  maximum  degree  of  homogeneity  to  each  segment. 

With  tiie  items  of  input  and  output  decided  upon 
and  the  point  of  measurement  determined,  the  next 
step  is  to  determine  the  unit  of  measurement.  Two 
different  types  of  unit  could  be  used,  a  physical  unit, 
or  a  deflated  value  unit. 

Of  these  two  possibilities,  the  first  is  usually  the  most 
satisfactory,  pounds  or  yards  or  tons  or  man-days  or 
some  similar  unit.  Considerable  care  must  be  exer- 
cised even  \vith  physical  units  to  select  the  unit  most 
likely  to  be  economically  significant.  Is  it  better  to 
bring  all  the  different  varieties  of  cotton  cloth  together 
in  a  single  figure  by  measuring  them  in  running  yards, 
in  square  yards,  in  pounds,   or  in  some   other   unit? 


Each  segment  presents  a  special  problem.  Often  the 
choice  is  dictated  by  the  available  data  though  in  other 
cases  and  in  most  cases  so  far  as  the  collection  of  new 
data  is  concerned,  some  latitude  of  choice  in  physical 
unit  is  open. 

In  many  cases  variations  in  qualitj-  which  cannot  be 
easily  reflected  in  pli3-sical  terms  are  so  great  that  a 
deflated  value  unit  is  preferable  to  a  physical  unit. 
Thus,  in  the  case  of  shoes,  variation  in  the  average 
quality  of  shoes  produced  is  so  great  from  year  to  year 
that  no  simple  physical  unit  appears  satisfactory  as  a 
measure  of  shoe  output.  Certainly  the  mere  number  of 
shoes  produced  is  not  an  economically  significant  meas- 
ure of  output  when  year-to-year  production  is  to  be 
compared.  However,  a  quasi-physical  figure  of  shoe 
output  can  be  obtained  by  taking  the  total  value  of 
shoe  output  in  each  year  and  dividing  this  by  an  index 
of  shoe  prices.  By  this  method,  if  the  proportion  of 
shoes  of  different  qualities  produced  remains  constant, 
but  the  number  of  pairs  of  shoes  produced  increases, 
the  index  of  output  will  rise.  Likewise,  if  the  number 
of  pairs  of  shoes  produced  remains  constant  but  the 
proportion  of  high  quality  shoes  increases,  the  index  of 
output  win  rise.'  Thus  variation  in  both  quality  and 
quantity  can  be  partly  reflected  as  a  variation  in  output. 

WTiere  both  physical  and  value  data  on  an  input  or 
output  item  are  lacldng,  it  may  be  necessary  to  develop 
an  index  of  variation  of  the  particular  item  by  using 
data  on  some  other  item.  In  practically  all  the  analyses 
of  service  industries,  an  input  item  (man-years)  was 
used  as  a  measure  of  consumption  in  working  out  the 
consumption  relationships  in  place  of  the  unavailable 
output  item.  Steel  ingot  production,  an  intermediate 
item  within  the  steel  segment,  was  used  as  proxy  for 
the  output  of  finished  steel.  Mill  consumption  of  raw 
cotton  was  used  as  a  measure  of  the  output  of  finished 
cotton  textiles,  and  a  consumption  relationship  was 
developed  with  this  item  as  dependent  variable. 

Such  a  procedure  is  entirely  justifiable  as  a  make- 
shift in  the  absence  of  more  complete  data.  It  merely 
involves  the  telescoping  of  two  or  more  relationships 
that  would  normally  appear  "in  tandem."  Thus  the 
more  complete  analysis  of  the  cotton  textile  segment 
would  include — 

(a)  A  consumption  relationship  connecting  finished 
cotton  cloth  output  with  consumer  income,  and  other 
factors,  and 

(b)  An  input-output  relationship  showing  the  mill 
consumption  of  cotton  required  for  given  quantities  of 
the  output  item. 

Tracing  back  from  consumer  income  to  mill  consump- 
tion would  normafly  include  two  (or  more)  steps: 

1  Provided,  also,  that  any  chaORes  in  tlie  index  of  shoe  prices  reflect  only  changes  in 
price  for  shoes  of  constant  quality.  To  the  extent  that  chanpes  in  the  index  of  shoe 
prices  reflect  changes  in  tiuality,  the  quasi-physical  index  described  above  does  not 
take  full  account  of  changes  in  quality. 
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The  short-circuiting  procedure  eliminates  the  inter- 
mediate step  and  the  inference  moves  immediately: 


Consumer 


mcome 


Mill  consumption 
of  cotton 


Wliether  this  telescoping  can  be  done  without  signifi- 
cant loss  of  accuracy  has  to  be  examined  in  each  indi- 
vidual case.  In  the  above  example,  changes  in  the 
inventory  of  unfinished  items  intermediate  between 
cotton  and  finished  textiles,  c.  g.,  yarn,  could  throw  out 
the  relationship  and  probably  explain  in  part  the  rela- 
tively poor  results  obtained  in  the  cotton  textile  analysis 
which  had  to  be  based  on  mill  consumption  of  cotton 
in  the  absence  of  other  data. 

B.  Factors  Likely  to  Appear  in 
Consumption  Relationships 

The  preceding  section  discussed  the  items  of  input 
and  out|)ut  pertaining  to  an  individual  segment.  Tliese 
items  may  be  elements  in  either  consumption  or  con- 
version relationships. 

ConsLunption  relationships  link  a  segment  with  its 
economic  environment;  an  item  of  the  segment  (pref- 
erably an  output  item)  is  expressed  as  a  function  of 
factors  outside  the  segment.  For  instance,  cotton 
cloth  output  is  related  to  consumer  income  as  repre- 
sented by  national  income  paid  out;  the  output  of  coal, 
with  manufacturing  production;  and  the  output  of  tire 
fabrics  to  activity  in  the  tire-manufacturing  segment. 

Input-output  or  conversion  relationsliips  (to  be 
considered  in  C  below)  are  internal  to  the  segment. 
They  connect  an  item  of  input  with  an  item  or  items  of 
output,  and  perhaps  other  factors  pertaining  to  the 
segment  such  as  teclmological  processes.  For  instance, 
the  input  of  man-days  in  bituminous  coal  mining  is 
related  to  the  input  of  coal  and  to  type  of  mining,  open 
pit  or  underground,  to  size  of  mine,  and  degree  of 
mechanization. 

Tliis  section  discusses  the  "outside"  factors  and  other 
variables  likely  to  be  related  to  segment  items,  and 
suitable  for  inclusion  in  a  consumption  relationsliip. 
There  are  some  general  factors  wliich  appear  to  be 
significant  for  nearly  all  segments.  These  are  (1)  the 
general  level  of  economic  activity  as  measured  by 
consumer  income  or  by  industrial  production,  and  (2) 
change  through  time. 

In  addition,  there  are  specific  variables  wliich  relate 
more  particularly  to  one  segment  or  relationship.  One 
of  these,  which  appears  in  a  number  of  the  consump- 
tion relationships,  is  the  real  price  (specific  price 
divided  by  general  price  level)  of  the  dependent  variable 
in  question,  e.  g.,  real  railroad  passenger  rates.     Occa- 


sional use  is  made  of  other  specific  variables.  Thus  a 
consumption  relationship  for  bituminous  coal  makes  use 
of  an  efficiency  index  wluch  purports  to  measure  the 
efficiency  in  the  conversion  of  coal  into  useful  energy. 
Automobile  retail  sales  are  found  to  be  heavily  influ- 
enced by  the  existence  in  use  of  old  cars  as  measured 
by  the  number  of  cars  7  years  of  age  or  older.  All 
these  are  variables  relating  wholly  or  cliiefly  to  parts 
of  the  economy  rather  than  the  economy  as  a  whole, 
and  so  are  called  specific  variables  as  opposed  to  general. 

It  will  be  noted  that  the  general  price  level  (as  meas- 
ured bj'  the  Bureau  of  Labor  Statistics  cost  of  living 
index)  may  enter  both  as  a  general  variable  and  a 
specific  variable.  It  may  occur  as  the  deflator  in 
consumer  income,  a  general  factor;  and  as  a  deflator 
for  specific  prices  in  calculating  the  real  price  of  an 
article,  a  specific  factor. 

1.  The  level  of  economic  activity. — Many  different 
indexes  exist  wliich  roughly  indicate  the  level  of 
economic  activity  such  as  indexes  of  national  income 
paid  out,  of  industrial  activity,  and  of  employment. 
For  the  purpose  of  segment  analysis  the  most  satis- 
factory procedure  from  the  logical  point  of  view  would 
be  to  use  two  separate  indexes,  one  reflecting  variations 
in  ultimate  consumption  and  a  second  reflecting  varia- 
tions in  new  capital  goods  created.  It  is  weU  recog- 
nized that  the  variations  in  these  two  activities  are 
characteristically  different,  the  two  indexes  together 
reflecting  the  level  of  economic  activity.  However, 
no  adequate  indexes  covering  these  two  factors  exist. 
Until  such  are  developed,  indirect  methods  will  have 
to  be  employed  to  take  account  of  them. 

To  take  the  place  of  indexes  of  consumption  and  of 
new  capital  goods  created,  two  indexes  appear  par- 
ticularly useful,  first  an  index  of  consumer  income, 
represented  by  national  income  paid  out  adjusted  for 
price  changes,  and  second,  the  Federal  Reserve  Board 
index  of  industrial  production.  The  index  of  consumer 
income  is  in  large  measure  an  index  of  consumption. 
The  index  of  industrial  production  reflects  both  the 
manufacture  of  consumption  goods  and  the  manu- 
facture of  capital  goods,  but  it  gives  about  equal 
weighting  to  the  two  basic  factors.^  It  is  possible  by 
using  both  an  index  of  consumer  income  and  an  index 
of  industrial  production  to  introduce  the  combined 
influence  of  consumption  and  of  capital  goods  creation, 
with  varied  weights  for  the  two  components,  though 
they  cannot  yet  be  dealt  with  in  an  unndxed  form. 

It  may  be  thought  that  consumer  income  and  indus- 
trial production  vary  so  closely  together  that  either 
alone  would  be  sufficient.  Experience  with  segment 
analysis  has  shown  that  the  difference  in  their  varia- 
tions is  important.     Thus  in  analyzing  the  consump- 

!  Manufacture  was  divided  about  equally  between  consumption  goods  and  capital 
goods  in  1929,  when  mea.sured  by  the  value  added  by  manufacture. 
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tion  of  bituminous  coal  both  indexes  were  found  to 
contribute  significantly  to  the  analysis.  L<ike\vise, 
in  analyzing  American  imports  both  indexes  appeared 
to  contribute.  Only  the  index  of  consumer  income 
appears  to  be  significant  for  some  items,  particulariy 
such  consumers'  goods  as  gasoline,  while  for  other 
items,  chieflj^  producers'  goods  or  services,  such  as 
freight  traffic  or  steel  consumption,  the  index  of  indus- 
trial production  alone  appears  to  be  significant.  In 
general,  consumers'  goods  were  found  to  be  related 
more  closely  to  consumer  income,  producers'  goods  to 
industrial  production. 

2.  Measuring  consumer  income. — Consumer  income 
(in  current  dollars)  is  measured  by  the  national  income 
paid  out.  The  theoretical  questions  which  arise  in 
definmg  the  national  income  are  introduced  in  National 
Income,  1929-85,  published  by  the  Department  of 
Commerce;  also  in  the  publications  of  the  National 
Bureau  of  Economic  Research.  The  chief  points  of 
difficulty  in  definition  and  measurement  are,  what  to 
do  with  the  business  savings  of  entrepreneurs,  and  what 
to  do  with  the  services  derived  from  owned  durable 
goods,  such  as  houses.  In  most  of  the  recent  studies  of 
national  income,  including  that  of  the  Department  of 
Commerce  the  last  point  has  been  avoided  by  restrict- 
ing national  income  to  actual  cash  receipts;  imputed 
income,  so-called,  being  excluded.  Capital  gains  and 
losses  are  also  excluded. 

The  "income  paid  out  series"  of  the  Department  of 
Commerce  was  therefore  adopted  for  the  purposes  of 
this  study,  with  one  amendment.  This  was  the  treat- 
ment of  entrepreneurs'  savings.  In  the  series  of  the 
Department  of  Commerce,  the  income  of  entrepreneurs 
(their  net  income  as  businessmen)  is  divided  into  two 
parts,  (a)  labor  allowance,  generally  equal  to  the  earn- 
ings of  full  paid  salaried  employees  in  the  same  business, 
and  (b)  business  savings.  This  method  of  treatment 
incorporates  entrepreneurs,  as  it  were,  and  makes  them 
salaried  employees  of  themselves  in  their  corporate 
capacities.  Only  the  labor  allowance  is  included  in 
income  paid  out.  Their  business  savings  are  excluded, 
but  for  the  purposes  of  this  report  the  separation  does 
not  appear  advisable.  The  business  savings  of  entre- 
preneurs are  at  their  disposal  for  expenditure  on  con- 
sumption goods,  in  a  way,  and  to  an  extent  to  which 
corporate  savings  are  not  available.  The  owners  of  a 
corporation  do  not  have  access  to  or  control  over  the 
spending  of  the  corporate  savings,  and  the  latter  are 
therefore  properly  excluded  from  "income  paid  out." 
Entrepreneurs  do  have  access  to  their  business  savings 
and  these  should  be  included,  at  least  in  part,  in  income 
available  for  expenditures  on  consumption. 

In  this  studj^,  therefore,  consumer  income  (in  current 
dollars)  is  represented  by  the  amount  of  money  actually 
coming  into  the  control  of  individuals  for  spending,  in 


return  for  goods  and  services  rendered.  It  is  repre- 
sented by  the  national  income  paid  out,  as  published  by 
the  Department  of  Commerce,  plus  the  savings  of 
entrepreneurs. 

This  national  income  series  was  extended  back  to 
1919  by  splicing  the  Department  of  Commerce  data  to 
the  corresponding  series  pubhshed  by  the  National 
Bureau  of  Economic  Research  in  national  income  and 
capital  formation  1919-35. 

Consumer  income  was  calculated  by  deflating  the 
above  income  series  by  the  Bureau  of  Labor  Statistics 
cost  of  living  index.  It  is  shown  in  table  I  of 
Appendix  2. 

3.  Accounting  for  change  through  time. — In  addition 
to  variation  in  basic  economic  activity  the  trend  of 
change  through  time  appears  as  a  general  variable. 
Unlike  consumer  income,  time  trend  is  an  indiscrim- 
inate catch-all  which  acts  as  a  proxy  for  the  trends  in 
other  factors  not  separately  treated.  Of  the  numerous 
factors  influencing  coal  consumption,  many  change 
through  time  in  such  a  fashion  as  to  contribute  to  a 
regular  change  in  coal  consumption  with  time.  Thus, 
the  introduction  of  improved  house  insulation  gradually 
reduced  the  aggregate  coal  requirements  for  heating  a 
given  number  of  houses.  The  increase  in  the  popula- 
tion and  in  the  number  of  houses  calls  for  a  fairly  con- 
tinuous increase  in  coal.  The  gradual  replacement  of 
old  with  improved  furnace  equipment  reduces  the  con- 
sumption steadily  over  a  period.  A  whole  series  of 
factors,  some  operating  in  one  direction  and  some  in  the 
opposite,  produce  a  net  change  through  time,  the  trend 
of  which  can  be  accounted  for  in  the  formula  represent- 
ing the  relationship  between  different  factors. 

The  use  of  time  as  a  factor  in  the  analysis  introduces 
problems  not  implicit  in  the  other  factors  discussed. 
Since  time  trend  reflects  the  net  trend  of  a  variety  of 
factors  it  is  in  itself  a  less  dependable  factor.  Will  the 
various  influences  which  combine  to  give  a  time  trend 
continue  to  operate  to  produce  a  continuation  of  trend? 
A  very  considerable  element  of  error  in  estimating 
future  relationship  can  arise  through  the  inadequacy  of 
the  extrapolation  of  time  trend  since  a  small  initial 
error  can  be  magnified  into  an  important  error  as  the 
extrapolation  is  extended  over  a  period  of  years.  For 
this  reason,  the  use  of  time  as  a  factor  involves  serious 
risks  and  limitation. 

To  reduce  the  risks  of  error  arising  from  the  use  of 
time  trends,  the  factors  underlying  the  time  factor 
factor  should,  as  far  as  possible,  be  accounted  for 
directly  and  not  through  the  pro.xy  of  the  time  factor. 
Thus,  in  the  case  of  bituminous  coal  consumption,  it 
would  be  possible  to  parallel  most  of  the  variation  in 
coal  consumption  by  using  as  factors  consumer  income, 
industrial  production,  the  ratio  of  coal  to  fuel  oil  prices, 
and  a  time  factor.     On  this  basis,  the  time  trend  ob- 
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taiiied  shows  a  rapid  decline  of  coal  consumption 
through  time.  When,  however,  an  index  of  efDciency 
in  the  use  of  coal  is  introduced  as  a  factor,  most  of  the 
decline  in  coal  consumption  through  time  becomes 
attributed  to  the  increase  in  the  efficiency  in  coal  utiliza- 
tion and  only  a  small  amount  remains  to  be  accounted 
for  by  time  factor.  That  is,  the  time  factor  becomes  of 
minor  significance  and  large  error  in  the  extrapolation 
of  tliis  proxy  variable  will  introduce  only  a  minor  error 
in  the  final  estimates,  while  the  underlying  oflicicncy  in 
coal  utilization  can  be  watched  and  followed  currently. 
There  is  the  further  advantage  that  all  of  the  variations 
in  this  factor  contribute  to  the  equation  instead  of 
only  that  part  which  follows  a  smooth  time  trend. 

The  importance  of  replacing  the  time  factor  by  the 
factors  undcrh'ing  it  can  be  clearly  seen  in  the  actual 
experience  with  coal  consumption.  The  efficiency  in 
the  utilization  of  coal  increased  fairly  steadily  from 
1919  to  1930  so  that  a  time  trend  showing  a  steadily 
dechning  consumption  of  coal  was  not  inadequate  to 
reflect  the  influence  of  this  increasing  efficiency.  Dur- 
ing the  depression  there  was  apparently  Uttle  increase 
of  efficiency  in  the  utilization  of  coal,  that  is,  the  trend 
so  failed  to  continue  the  predeprcssion  slope  that  the 
extrapolation  of  the  time  function  through  the  depres- 
sion was  significantly  in  error.  This  error  would,  of 
course,  be  eliminated  by  accounting  for  the  influence 
of  changing  efficiency  directly  through  the  introduction 
of  an  index  of  efficiency  into  the  analysis  and  continuous 
checldng  of  efficiency  by  engineering  studies. 

4.  Specific  factors:  Relative  price. — In  developing  a 
consumption  relationship  it  is  always  necessary  to  take 
either  direct  or  indirect  account  of  variation  in  relative 
prices  or  else  to  make  sure  that  relative  price  variations 
are  not  significant  for  the  purpose  in  hand.  For  many 
items,  particularly  agricultural  commodities,  it  is  pos- 
sible to  take  direct  account  of  relative  prices,  introduc- 
ing price  or  the  ratio  of  price  to  a  general  index  of 
prices,  into  the  analysis.  For  some  items,  variations 
in  relative  price  may  prove  to  be  of  negligible  signifi- 
cance. Such  appears  to  be  the  case  with  gasofine,  the 
use  of  automobiles  being  little  affected  by  such  varia- 
tions in  gasoline  price  as  have  occurred  in  recent  years. 
Variation  in  relative  price  may  be  significant  for  a  host 
of  other  items,  yet  because  of  the  characteristics  of 
these  price  variations,  it  may  not  be  possible  to  take 
direct  account  of  them. 

It  should  be  noted  that  the  objective  of  this  study  is 
not  to  determine  the  "effect"  of  price  and  other  factors 
on  demand,  but  simply  to  be  able  to  calculate  the  de- 
mand from  a  combination  of  these  factors.  It  does  not 
follow  that  unless  we  know  the  price  of  an  article,  we 
cannot  say  how  much  of  it  will  be  consumed,  within 
limits.  To  take  an  extreme  case,  the  per  capita  con- 
sumption of  staple  foods  as  a  group  goes  along  pretty 


steadily  from  year  to  year,  so  that  one  can  calculate  it 
fairly  accurately  without  a  knowledge  of  price.  The 
same  is  true  of  all  commodities  having  a  small  price 
elasticity. 

Even  where  the  elasticity  is  moderate  or  large,  it  is 
not  always  necessary  to  take  explicit  account  of  price. 
The  influence  of  price  may  be  transmitted  tlirough  other 
variables  appearing  in  the  equation.  If  the  cyclical 
element  in  price  is  correlated  with,  say,  the  Federal 
Reserve  Board  index  of  production,  that  factor  can  to 
an  extent  take  over  the  job  of  measuring  the  contribu- 
tion of  price.  The  trend  element  in  price  can  be  ac- 
counted for  in  the  general  time  trend.  In  the  case  of 
electric  power,  rates  show  a  fairly  steady  decline  over  a 
period  of  j'ears,  which  a  time  factor  can  closely  reflect. 
There  is  a  small,  though  perceptible,  cyclical  element, 
the  decline  being  more  rapid  in  the  down-swing  of  a 
depression  and  less  rapid  in  the  up-swing  of  recovery. 
As  a  result,  most  of  the  variation  in  price  would  be 
accounted  for  by  a  time  factor  and  an  index  of  eco- 
nomic activit}'.  It  is,  therefore,  not  necessary  to  obtain 
an  independent  measure  of  the  influence  of  price  varia- 
tion in  order  to  estimate  the  demand  for  electric  power. 

5.  Other  jactors. — In  addition  to  the  general  factors 
and  the  relative  price,  it  may  be  necessary  to  introduce 
other  factors  into  the  analysis.  The  efficiency  index 
used  in  the  case  of  coal  consumption  and  the  number  of 
automobiles  in  operation  used  in  the  gasoline  consump- 
tion analysis  are  examples.  Since  these  factors  will 
vary  from  segment  to  segment,  no  general  discussion  of 
them  can  be  given.  Their  introduction  will  depend  on 
the  characteristics  of  the  particular  segment. 

Once  the  factors  regarded  as  likely  to  be  related  to 
consumption  have  been  decided  upon  for  a  particular 
segment  a  working  hypothesis  should  be  set  down  indi- 
cating the  relationship  which  is  believed  to  exist  be- 
tween these  factors.  This  then  becomes  the  hypothesis 
to  be  tested  by  actual  data. 

C.  Factors  Likely  to  Appear  in 
Input-Output  Relationships 

In  consumption  relationships,  general  factors  relat- 
ing to  the  economy  as  a  whole  assume  a  prominent 
place,  but  m  conversion  or  input-output  relationships 
the  only  general  factor  to  appear  is  change  through  time. 

Time  appears  as  a  proxy  variable,  representing 
changes  in  technological  efficiency  and  other  factors. 
There  is  a  good  deal  of  regularity  in  the  rate  of  improve- 
ment of  technology  from  year  to  year,  and  a  smooth 
trend  is  fairly  well  adapted  to  representing  this  progress. 
The  persistence  of  trends  in  technological  improvement 
are  usually  such  that  the  projection  of  trends  in  input- 
output '  relationships  into  the  future  is  attended  with 
only  minor  risk.  It  is,  however,  highly  desirable  to 
replace  the  time  factor  by  some  direct  measure  of 
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technical  improvement  such,  for  instance,  as  an  index 
of  mechanization  derived  from  data  relating  to  the  type 
and  quantity  of  machinery  in  place.  Unfortunately, 
little  of  this  type  of  data  is  available  over  a  long  period 
of  years. 

One  specific  factor  appearing  in  every  conversion 
relationship  is  output,  except  where  the  lack  of  data 
may  require  the  substitution  of  some  other  item.  An 
example  of  such  a  substitution  is  to  be  found  in  the 
steel  segment  in  which  man-houi-s  have  been  expressed 
as  a  function  of  steel  ingot  production,  instead  of  out- 
put of  finished  steel. 

In  the  analyses  of  conversion  relationships  contained 
in  this  report,  the  only  item  of  input  which  has  consist- 
ently been  given  attention  is  that  of  manpower  either 
in  the  form  of  man-hours,  man-days,  or  equivalent 
full-time  employment. 

Again  the  working  hypothesis  relatmg  the  several 
factors  should  be  set  down  as  a  basis  for  testuig  by 
actual  data. 

IV.  Data  and  Data  Adjustments 

Once  the  variables  Ukely  to  appear  in  the  relation- 
ship have  been  selected  and  a  working  hypothesis  as 
to  their  relationship  has  been  established,  data  must 
be  assembled  from  various  sources,  organized  and  fre- 
quently adjusted  to  lay  the  basis  for  testing  the  hypoth- 
esis. 

Adjustment  includes  interpolating  data  for  years  in 
which  it  is  not  available  in  the  form  desired,  calculatmg 
man-hours,  allowing  for  changes  in  uivcntories,  adjust- 
ing for  exports  and  imports,  and  calculating  price 
indexes. 

A.  Sources 

Prbnary  sources  do  not  often  present  data  in  the 
form  required.  They  are  most  frecjuently  inadequate 
in  respect  to  coverage.  Many  research  organizations 
have  attacked  the  problem  of  buildhig  up  full-coverage 
estimates  from  basic  data,  notably  in  the  field  of  em- 
ployment statistics.  Such  estimates  were  used  where- 
ever  possible.  As  a  general  rule,  employment  figures 
of  the  Department  of  Commerce,  estunated  in  con- 
nection with  the  latter's  studies  of  national  income,' 
were  used,  and  accepted  as  standard,  particularly  for 
the  segments  covering  the  services  to  the  economy, 
services  to  the  consumer,  trade,  construction,  and  some 
minerals.  The  most  recent  revisions  were  made  avail- 
able by  the  Department.  These  employment  series 
were  carried  back  from  1929  to  1919  by  splicing  on 
estimates  supplied  by  the  National  Bureau  of  Eco- 
nomic Research.*  The  production  and  man-hour  esti- 
mates built  up  by  the  National  Research  Project  of 

■  See,  for  example,  The  Aational  Income,  1919-SB,  loc.  cit. 
<  Not  yet  published  by  the  Bureau. 


the  Works  Progress  Administratit)n  were  used  for  a 
few  of  the  manufacturing  segments. 

In  other  manufacturing  segments  man-hours  were 
based  on  the  Census  of  Manufactures  and  the  Bureau 
of  Labor  Statistics  employment  indexes.  The  method 
is  described  below.  Since  this  census  is  published  only 
every  other  year,  figures  for  the  intervening  yeai-s  were 
interpolated  by  the  process  also  described  below. 

Other  data,  e.  g.,  on  output,  were  drawTi  from  the 
Census  of  Manufactures,  Bureau  of  the  Census,  Bureau 
of  Mines,  etc.,  and  from  secondary  sources  such  as  the 
Survey  of  Current  Business,  and  Commerce  Yearbook. 

Sources  are  stated  in  the  summary  analyses  of 
individual  segments  wliich  appear  in  the  Appendix  2. 

B.  Calculating  Man-Hours  in 
Manufacturing 

Labor  input  is  measured  in  terms  of  man-hours  in 
most  of  the  manufacturing  industries.  Man-hours  are 
determined  by  multiplying  the  number  of  employed 
by  average  hours  worked  per  year  (52  times  the  hours 
worked  per  week)  or  by  dividing  the  total  pay  roll  by 
the  average  hourly  earnings.  Emploj'ment  and  pay 
rolls  are  both  reasonably  accurate,  based  as  they  are  on 
the  Census  of  Manufactures,  but  the  other  factors  are 
measured  only  by  samples.  The  Bureau  of  Labor 
Statistics'  monthly  figures  on  earnings  and  working 
period  are  available  from  October  1932.  The  National 
Industrial  Conference  Board  data  are  available,  as  far 
back  as  1920,  but  only  for  25  manufacturing  industries. 
The  occasional  wage  and  hour  studies  of  the  Bureau  of 
Labor  Statistics  give  data  pertaining  to  short  periods 
of  1  to  3  months,  approximately  every  other  year. 

In  these  studies  the  chief  difficulty  was  found  in  the 
period  prior  to  October  1,  1932,  especially  in  those  m- 
dustries  not  covered  by  the  National  Industrial  Con- 
ference Board.  In  some  cases  average  hours  worked 
per  week  prior  to  October  1932  were  assumed  to  vary 
in  proportion  to  hours  in  some  related  industry  covered 
by  the  National  Industrial  Conference  Board,  or  in 
proportion  to  hours  in  manufacturing  as  a  whole.  In 
others  the  "prevailing  hours  of  work"  as  reported  in 
the  Census  of  Manufactures,  adjusted  by  a  correction 
factor,  were  used  to  get  a  general  indication  of  how 
w^orking  time  changed,  though  this  is  merely  sugges- 
tive, for  the  purpose  in  hand.  The  occasional  wage 
and  hour  studies  of  the  Bureau  of  Labor  Statistics,  when 
available,  furnished  scattered  bench  marks  into  which 
the  trends  indicated  by  the  above  less  reliable  figures 
could  be  tied. 

C.  Interpolating  Data  for  Nonreporting 
Years 

Since  the  Census  of  Manufactures  appears  for  only 
odd-numbered  j^ears,  value,  production,  and  wage- 
earners   data,   etc.,   must   be   obtained   for   the   even- 
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numbered  years  b}'  interpolation.  A  nietliod  commonly 
employed  was  as  follows:  A  series  x  (hereafter  called 
the  comparison  series)  is  selected  which  is  known  to 
correlate  closely  with  tlie  series  to  be  interpolated,  y 
(hereafter  called  the  interpoland).  Thus  the  value  of 
cotton  consumption,  estimated  annually  by  multiplying 
tlie  quantity  consinned  by  the  average  price,  ought  to 
correlate  fairly  well  with  the  value  of  finished  cotton 
goods,  available  only  in  census  years,  antl  might  be  used 
for  interpolating  the  latter.  The  number  of  rubber 
tires  produced,  as  reported  montlily  by  the  Rubber 
Miuiufactures  Association,  but  covering  only  about  80 
percent  of  the  industry,  should  have  a  high  correlation 
with  total  production  as  reported  every  other  year  by 
the  census,  and  should  prove  a  very  satisfactory  com- 
parison series. 

The  following  method,  which  was  used  in  some  cases, 
is  believed  to  have  certain  advantages  over  the  straight- 
line  interpolation  methods.  It  does  not  assume  propor- 
tional variation,  but  merely  that  the  interpoland  and 
the  comparison  series  are  related  in  some  way,  for 
example, 

2/ =^x'+ 5+ residuals 
or 

?/=(time   trend)  a: +2?+ residua  Is 

The  coefficient  of  x  may  be  a  constant,  ^4,  or  may  vary 
with  time  as  in  the  equation  just  above.  The  rela- 
tionship is  determined,  generally  by  graplucal  methods, 
and  the  residuals  found.  These  residuals  are  then 
interpolated,  graphical  methods  being  quite  satis- 
factory, and  are  added  on  to  the  calculated  value  from 
the  formula  to  give  the  interpolated  figure  in  intervening 
years. 

The  method  is  illustrated  in  an  analysis  of  the  shoe 
segment  which  appeared  in  Econometrica  of  October  of 
1930.= 

D.  Adjustment  for  Inventory  Changes 

Consumption,  i.  e.,  purchases  by  ultimate  consumers, 
is  the  variable  which  should  appear  in  a  consumption 
relationship,  but  most  industrial  statistics  refer  to  out- 
put rather  than  consumption.  Only  a  few  actual  con- 
sumption series  are  available.  When  inventories  do 
not  vary  much,  or  do  not  exist  at  all,  as  in  the  case  of 
electric  power,  it  is  legitimate  to  use  production  as  a 
measure  of,  or  as  an  index  of,  consumption.  When 
inventories  do  vary,  it  is  advisable  to  make  some 
adjustment  for  stocks,  even  if  only  a  rough  indication 
can  be  obtained  as  to  how  they  have  changed. 

A  procedure  used  in  the  shoe  segment  for  getting  an 
adjustment  for  stocks  was  as  follows:  It  was  noted 
from  the  Census  of  Distribution,  1929,  that  at  the  end 
of  that  year  retail  shoe  stores  had  an  inventory  with  a 

*  von  Szeliski,  Victor,  and  Paradiso,  L.  J.,  The  Demand  for  Boots  and  Shoes  as 
Affected  by  Price  Level  and  National  Income,  Econometrica,  October  1936,  p.  349. 


value  equal  to  about  one-third  of  the  year's  sales. 
Assuming  that  this  is  representative,  the  average 
interval  between  numufacture  and  sale  to  ultimate 
consumer  may  be  taken  at  about  4  months.  This  is 
a  low  estimate  rather  than  a  high  one,  because  no  ac- 
count is  taken  of  manufacturers'  and  wholesalers' 
stocks,  or  of  goods  in  transit.  The  calendar  year 
value  .of  output  figures  were  charted,  and  interpolated 
with  a  smooth  curve.  The  wholesale  value  of  shoes 
consumed  was  then  taken  as  the  value  of  this  smooth 
curve  between  calendar-year  figures,  two-thirds  of  a 
year  from  th(>  (>arlier  year,  and  a  third  of  a  j^ear  before 
the  later.  Roughly,  but  not  quite  exactly,  this  pro- 
cedure implies  that  the  wholesale  value  of  consumption 
in  1929,  for  instance,  equalled  the  value  of  production 
in  the  12  months  ended  in  August.  The  process 
smooths  the  figures  somewhat,  in  addition  to  lagging 
them  by  about  4  months,  which  is  also  desirable,  be- 
cause purchases  by  consumers  in  all  probabilitj'  display 
less  variation  from  year  to  j-ear  than  production. 

E.  Adjustment  for  Exports  and 
Imports 

Adjustment  for  exports  and  imports  presents  no 
serious  difficulty.  Exports  are  subtracted  from,  and 
imports  added  to,  the  output  or  input  of  the  com- 
modity. If  value  figures  are  used  they  may  be  con- 
verted to  a  quasi-physical  basis  by  deflating  by  price. 
Thus  the  output  of  shoes  for  the  domestic  market  is 
measured  by  value  of  factorj'  output,  less  value  of 
exports,  plus  value  of  imports,  and  the  net  result  is 
divided  by  an  index  of  shoe  prices. 

F.  Price  Index  Construction 

There  is  a  dearth  of  adequate  price  data  relating  to 
a  considerable  number  of  segments.  In  some  cases 
price  can  be  ignored  anyway,  for  reasons  given  earlier. 
In  others,  it  is  possible  to  introduce  the  price  of  a 
similar  commodity  with  not  unsatisfactory  results.  In 
still  other  cases  special  price  indexes  can  be  constructed. 
This  was  done  for  a  number  of  segments.  For  example, 
in  the  case  of  the  post-office  segment,  an  index  of  postal 
charges  was  constructed  from  the  rates  for  mail  of  var- 
ious classes,  as  furnished  by  the  Post  Office  Department 
in  Postal  Rates,  Abstract  of  Laws  Passed. 

V.  Selecting  the  Form  of 
Relationship 

With  the  basic  data  in  hand,  the  next  step  in  testing 
the  hypothesis  as  to  the  relationships  between  factors 
consists  of  giving  precision  to  the  hypothesis  concern- 
ing the  factors  selected  and  the  nature  of  the  form  of 
the  relationsliip.  That  is  done  by  fitting  a  general 
function  to  the  data  by  grapliical  and  numerical 
methods.     The  basic  problems  and  teclmiques  involved 
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in  doing  this  are  adequately  treated  in  standard  texts.' 
These  need  not  be  described  here,  and  discussion  will 
be  confined  to  modifications  of  these  general  methods 
which  have  been  used. 

The  first  step  in  developing  a  statement  of  the  rela- 
tionship underlying  a  particular  segment  was  to  utilize 
a  graphical  method  of  analysis.  The  graphical  method 
developed  by  L.  H.  Bean/  when  used  with  care,  will 
show,  with  a  minimum  expenditure  of  time,  whether 
the  hypothesis  to  be  tested  is  consistent  wth  experience. 
This  method  wUl  also  give  the  technician  employing  it 
a  proper  "feel"  of  the  material  he  is  handling,  a  very 
clear  impression  of  the  interaction  of  changes  in  diflferent 
factors  and  of  the  tolerances  within  which  an  altera- 
tion in  the  values  assigned  will  involve  an  appreciably 
diflercnt  fit.  By  getting  tliis  "feel"  of  the  material, 
serious  errors  in  the  evaluation  of  the  results  of  the 
analysis  can  often  be  avoided  and  fruitful  new  lines  of 
investigation  may  often  be  suggested.  In  each  seg- 
ment analysis  this  graphical  method  was  therefore 
employed  up  to  the  point  where  it  was  possible  to  deter- 
mine whether  or  not  relationsliips  between  the  series  ex- 
isted, and  to  get  a  clear  indication  of  their  nature,*  such 
as  whether  the  variables  bore  a  multiplicative  or  addi- 
tive relationship  to  each  other  and  whether  the  relation- 
ships tended  to  be  linear  or  curvilinear  and  if  the  latter 
of  what  character. 

Once  the  existence  and  general  character  of  the  re- 
lationship was  established,  by  graphic  correlation, 
numerical  methods  were  used  to  derive  simple  mathe- 
matical formulas  expressing  the  relationships  indicated 
insofar  as  they  were  capable  of  being  stated  in  simple 
formulas  which  meet  the  "least  square"  criterion. 
With  few  exceptions  the  relationships  indicated  by  the 
graphical  analyses  could  be  represented  by  one  or 
another  of  a  few  simple  types  of  formulas,'  and  the 
numerical  work  was  thus  readily  routinized  so  that 
final  statements  were  obtained  with  little  additional 
effort.  Though  in  tliis  procedure  mathematical  formu- 
lae were  developed  to  give  a  mathematical  statement 
of  the  relationships  developed  by  graphic  analysis, 
the  final  results  were  dominantly  conditioned  by 
the  graphic  analysis,  and  the  empirical  relationship 
disclosed  in  that  analysis. 

'  See  Ezekiel,  Mordecai,  Methods  of  Correlation  Annlvsis,  John  Wiley  &  Sons, 
New  York.  1930. 

'  Bean,  L.  H.,  A  Simplified  Method  of  Graphical  Curvilinear  Correlation,  Journal 
of  the  American  Statistical  Association,  volume  XXIV,  pp.  386-397,  December  1929. 

■  It  would  be  possible  to  use  either  the  graphic  or  the  mathematical  method  of 
correlation  analysis  as  the  sole  method  of  determining  the  sliape  of  the  regression 
function.  Some  believe  the  mathematical  method  should  be  used  only  when  there 
Is  some  dominant  logical  basis  for  the  equation  chosen  (see,  for  example,  Ezekiel, 
Methods  of  Correlation  Analysis,  pp.  88-91,  97-108),  whereas  others  believe  the 
graphic  method  does  not  give  a  basis  for  evaluating  the  assumptions  implicit  in  the 
curves  developed  on  a  free-band  basis.  The  authors  of  this  report  believe  there 
are  advantages  to  be  derived  from  the  two  methods  in  combination  over  either  one 
separately.  Since  the  matter  is  controversial  no  stand  is  being  taken  in  this  report 
on  the  relative  advantages  and  disadvantages  of  the  two  methods  when  used  sepa- 
rately or  in  combination. 

•  Arithmetical  combinations  of  linear  and  power  or  exponential  forms. 


In  both  the  graphic  and  the  mathematical  steps  of 
this  procedure  empirical  and  logical  considerations  were 
involved  as  well  as  certain  considerations  of  expediency. 
The  question  of  multiphcative  versus  additive  or  more 
complex  forms  of  relationship  had  to  be  considered  both 
from  the  point  of  view  of  logic  and  in  the  light  of  the 
relationships  shown  by  the  actual  data.  When  the 
graphic  analysis  clearly  indicated  a  particular  relation- 
ship such  as  an  additive  one,  this  was  adopted  regard- 
less of  what  was  thought  to  be  the  more  logical  rela- 
tionship, but  where  the  graphic  analysis  disclosed  alter- 
native types  of  relation  to  be  equally  suited  to  the  data 
the  more  logical  relationship  was  adopted.  This  same 
procedure  was  adhered  to  throughout  the  analysis  ex- 
cept where  expediency  cither  in  the  graphic  or  the  math- 
ematical step  called  for  a  departure.  Thus  where  an  ad- 
ditive graphic  analysis  indicated  that  the  relationship 
was  clearly  multiplicative  and  this  was  supported  bj' 
logical  conditions  the  graphic  analysis  was  not  carried 
out  in  a  multiphcative  form.  In  the  same  situation 
simple  curves  were  used  in  mathematical  formulation 
except  where  the  grapliic  analysis  indicates  that  signifi- 
cant discrepancy  woidd  result  in  the  upward  extrapola- 
tion from  the  relationships.  TOiere  significant  discrep- 
ancies appeared  hkcly  to  arise  a  more  complex  formula 
was  employed. 

The  various  types  of  simple  mathematical  formula 
which  would  be  employed  in  giving  a  generalized  state- 
ment of  the  relationships  disclosed  by  graphic  analysis 
are  discussed  below  along  with  the  logic  which  would 
lead  to  the  use  of  one  or  another  where  it  was  supported 
by  the  grapliic  analysis  or  where  no  clear  indication  of 
the  nature  of  the  appropriate  formula  was  given  bj^  the 
graphic  analysis  of  the  data  itself.  As  already  indicated, 
where  the  graphic  analysis  clearly  indicated  the  use  of 
a  formula  different  from  that  suggested  b}'  logical  con- 
siderations, the  results  of  the  graphic  analysis  were  fol- 
lowed. The  two  most  simple  forms  of  equation,  the 
additive  and  multiplicative,  are  given  below,  as  applied 
to  the  relation  between  manpower,  output,  and  a  time 
trend. 


Man-hours = time  trend-}-net  relationship 

with  output 


(1) 


Man-hours = time  trend  X  net  relationship        (2) 

with  output 

According  to  the  first  of  these  formulae,  if  man-hours 
declines  with  time,  as  it  does  in  most  industries  with 
improving  technology,  the  decline  would  be  independ- 
ent of  the  level  of  output,  whereas  in  the  second  fonnula 
it  would  vary  with  output.  The  latter  would  appear 
to  be  the  more  logical  relationship  for  most  industries 
though  graphic  analysis  might  disclose  specific  excep- 
tional cases. 
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The  same  choice  between  additive  aud  multiplicative 
combination  of  factors  presents  itself  in  consumption 
relationships.  Consumer  income,  (CI),  real  price 
(RP),  and  a  time  factor  are  the  factors  connnonly  used. 
The  more  important  ways  they  could  be  combined  are 
given  below: 

Consumption=(time  trend)  +  (net  relationship    (3) 
with  CI)  +  (net  relationship  with  RP) 


Consumption=  (time  trend) 


(net  relationship 
with    CI)  +  (net 
relationship  with 
RP) 


(4) 


Consimiption=  (time  trend)  X  (net  relationship   (5) 
with  CI)  X  (net  relationship  with  RP) 

Similar  reasons  for  havmg  the  time  trend  multiply  into 
the  remaining  factors  apply  here  as  in  the  man-hour 
example.  It  would  seem  that  the  effect  of  the  time 
trend  ought  to  depend  on  the  level  of  consumer  income 
and  of  the  price.  And  the  same  with  the  price  effect,  it 
ought  to  depend  on  the  level  of  consumer  income  and  the 
time  factor.  But  equation  (3)  assumes  that  the  rise  or 
fall  in  consumption  due  to  a  change  in  price  is  the  same, 
no  matter  at  what  level  consiuner  income  or  the  year 
may  be.  So  (3)  may  be  rejected.  Equation  (4)  is  open 
to  a  similar  objection.  Equation  (5)  appears  to  be  the 
more  logical  one  to  use. 

Next,  the  explicit  form  of  the  mathematical  functions 
used  to  represent  the  time  trend  net  relationship  may 
be  considered.  The  time  trend,  for  example,  could  be 
described  by  such  functions  as  a  straight  line,  a  power 
curve  of  low  degree,  an  exponential  curve,  or  a  logistic. 
If  the  time  trend  curve  is  almost  flat,  all  the  curves 
would  agree  closely  in  their  extrapolated  values  for  two 
or  three  years,  and  any  one  of  them  could  be  chosen. 
However,  if  the  trend  falls  rapidly,  the  straight  line 
may  have  to  be  ruled  out  because  it  reaches  unpossibly 
low  values  very  quickly  and  eventually  becomes  nega- 
tive. Second-  or  third-degree  curves  are  notoriously 
liable  to  large  errors  in  extrapolation.  For  these  reasons 
the  exponential  curve  (1+'')',  where  /  is  the  time  vari- 
able and  r  is  a  constant,  is  the  more  logical  form  in  most 
of  the  relationships.  It  possesses  the  requirements  of 
remaining  positive  throughout,  of  flattening  out  asymp- 
totically to  either  right  or  left,  and  of  being  a  fairly 
inflexible  curve  of  slowly  changing  curvature.  In  those 
cases  where  the  graphical  analysis  disclosed  a  departure 
from  the  compoimd  interest  curve,  other  curves  were  used 
such  as  the  more  flexible  exponential  curve  a+6(i  +r)'. 

The  explicit  form  of  the  functions  representing  man- 
hours-output  net  relationships  are  subject  to  similar 
considerations.  Two  of  the  curves  most  commonly 
considered  for  these  studies  were  the  straight  line  and 


the  fractional  power  curve,  expressed  in  the  forms  given 
below: 

MH={l+r)'X(a+bP)  (6) 

MH=(l+ryxBP'',  (7) 


MH=(l+ryx{A+BP-). 


(8) 


Here  MH  is  the  number  of  man-hours,  (1-fr)'  is  the 
exponential  time  trend  mentioned  above,  P  is  output, 
a-^-bP  is  a  straight  line,  and  BP"  is  a  power  curve. 

Since  the  economic  operating  characteristics  of  indus- 
tries are  not  the  same  for  all  industries,  none  of  these 
formulas  would  be  suitable  for  all  cases.  The  presence 
in  many  industries  of  a  significant  amount  of  overhead 
or  indirect  labor  for  maintenance  results  in  total  labor 
requirements  which  rise  and  fall  less  in  percentage  than 
the  output.  Since  equations  (6)  and  (8)  involve  a 
constant  term,  either  is  well  adapted  to  represent  that 
labor  which  is  independent  of  output.  However,  equa- 
tion (7)  may  fit  the  data  equally  well  and  may  be  a 
close  approximation  to  tlie  condition  represented  by  the 
other  two  equations. 

In  those  industries  where  a  rapid  increase  in  output 
results  in  the  operation  of  the  less  eflicient  plants  the 
added  input  per  additional  unit  may  increase.  This 
means  that  if  equation  (7)  or  (8)  is  used  the  value 
of  a  should  be>l.  In  other  industries  an  increase  in 
output  may  result  in  a  decrease  in  the  input  per  addi- 
tional unit  since  high  production  levels  may  stimulate 
the  use  of  improved  technology.  In  such  cases  a<Cl 
would  be  satisfactory  and  equation  (7)'"  or  (8)  can  be 
used. 

Thus  it  is  clear  that  a  knowledge  of  the  operations  of 
an  industry  is  necessary  in  setting  forth  the  logical  con- 
ditions regarding  the  form  of  the  relationship. 

Attention  may  now  be  turned  to  the  income  and 
price  terms  in  the  equation, 

Consumption = 

(l+r)'X(net  relationship  with  CI)X 

(net  relationship  with  RP) 

'» A  Itbough  equation  (7)  was  employed  in  the  majority  of  the  manpower  ana.yses,  it  Is  not 
intended  to  give  the  impression  that  this  form  is  necessarily  the  logical  one  to  use  in  all  such 
cases.  One  of  the  properties  of  this  equsition  is  the  fact  that  when  production  is  zero, 
man-hours  is  also  zero.  Such  a  condition  may  or  may  not  be  consistent  with  reality, 
depending  on  whether  indirect  labor  would  or  would  not  be  employed  if  the  output 
of  the  industry  were  to  drop  to  zero.  Furthermore,  since  the  lowest  production  levels 
utilized  in  the  analyses  are  considerably  above  the  zero  level  of  production,  the  shape 
of  the  function  is  indeterminate  for  those  values  of  production  lying  above  zero  and 
the  lowest  observed  value.  Consequently,  the  asstunption  that  the  fimction  given  by 
(7)  describes  the  relationship  within  this  range  may  have  no  validity.  Possibly,  a 
mort  logical  equation  might  be  one  which  is  of  the  multiplicative  form  and  whose 
factors  involve  additive  terms.  Such  an  equation  would  not  contain  any  a  priori 
assumptions  as  to  what  the  value  of  man-hours  would  be  if  production  were  equal  to 
zero,  liquation  (7)  was,  neverthless,  employed  because  of  the  facility  with  which  it 
could  be  fitted  to  the  data  and  because,  where  it  was  employed,  the  graphical  analysis 
indicated  that  the  fit  over  the  range  of  observations  was  just  as  good  as  that  which 
would  have  been  obtained  if  other  types  of  multiplicative  forms  had  been  used.  The 
fact  that  in-so  many  analyses  this  type  of  equation  continued  to  give  a  good  fit  for  the 
years  following  1932  (which  were  not  used  in  determining  the  constants  of  the  equa- 
tion) also  tends  to  substantiate  this  result.  Furthermore,  since  the  equations  were 
used  to  extrapolate  with  values  above  the  observed  values,  rather  than  with  those 
toward  the  origin,  no  particular  difficulty  is  presented  in  the  use  of  equation  (7J. 
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It  has  alreadj'  been  indicated  why  the  net  rehition- 
ships  of  these  two  factors  should  be  miiltiphed  together 
instead  of  added ;  the  ])robabiHty  tliat  the  effect  on 
consumption  of  variations  in  one  factor  depends  on  the 
values  of  the  other  factors.  The  explicit  forms  of  the 
functions  representing;  the  effect  of  consumer  income  and 
real  price  are  the  same  simple  forms  as  are  discussed  in 
the  man-hours  output  relationship  and  the  logical  basis 
for  considering  these  forms  is  analogous  to  that  already 
mentioned. 

With  few  exceptions  the  parameters  in  the  equations 
finally  used  were  derived  by  the  least  squares  method, 
which  is  fully  described  in  standard  texts  on  correlation 
analysis.  In  those  cases  where  modifications  of  linear, 
power  or  exponential  forms  were  employed,  the  first 
approxinnitions  to  the  constants  were  obtained  by  the 
method  of  selected  points."  When  necessary  these 
constants  were  more  precisely  determined  by  successive 
applications  of  the  method  of  least  squares. 

For  example,  in  the  manpower  analysis  for  iron  and 
steel  the  form  of  the  equation  finally  used  was, 


MH={a-\-bt)  P" 


(9) 


The  constants  in  this  equation  were  determined  by  first 
applying  the  least  squares  method  to  the  exponential 
form  (7).    The  specific  equation  thus  obtained  was  then 

used  to  calculate  the  expression p^ Using  this 

expression  as  the  dependent  variable,  the  method  of 
least  squares  was  then  applied  to  the  equation 
MH 


P" 


--a-\-ht, 


to  determine  the  constants  a  and    h.     The  result  led 
to  equation  (9). 

VI.  Tests  of  Fit  and  Reliability 

The  formula  derived  in  the  above  analysis  must  then 
run  the  gauntlet  of  criticism  and  testing  on  the  basis  of 
experience. 

1 .  The  fit  of  the  formula. — The  test  of  experience  will 
include  such  questions  as  these:  How  closely  do  the 
calculated  values  agree  with  the  actual?  For  how 
much  of  the  variation  in  the  estimate  does  the  formula 
account,  and  what  is  the  standard  error,  according  to 
the  standard  formulas  of  mathematical  statistics? 
Above  all,  how  closely  does  the  formula  fit  the  data  for 
the  subsequent  years,  1933,  1934,  1935,  and  1936? 
(It  will  be  remembered  that  with  a  few  specific  excep- 
tions, data  through  1932  only  were  used  in  fitting  the 
equations,  data  for  the  subsequent  years  being  reserved 
for  this  very  purpose  of  testing  reliabiUty.)  Where 
does  the  actual  diverge  widely  from  the  calculated 
value,  and  can  such  divergence  be  accounted  for  by 

I'  See  F.  C.  Mills.  Slalislical  Methods,  Honry  Oolt  A  Co.  (1924),  p.  299. 


special  or  unusual  circumstances  existing  at  the  time? 
How  important  is  the  time  trend? 

The  statistical  questions  are  answered  by  standard 
multiple  correlation  teclmiques,  and  need  not  be  ex- 
plained here. 

2.  Analysis  of  residuals. — However,  study  of  the 
residuals — of  the  large  deviations  between  actual  and 
calculated — should  not  be  passed  over.  The  large 
residuals  indicate  the  important  influence  of  factors  not 
taken  account  of  by  the  statistics;  often  factors  which 
can  be  identified,  but  cannot  easily  be  measured. 
Examples  are  strikes,  floods  (such  as  the  floods  in 
March  1936,  wliich  caused  interruptions  in  production 
of  certain  industries),  the  Ford  model  change  from 
model  T  to  model  A  in  1927,  introduction  of  new 
methods,  and  so  on.  If  the  existence  of  such  nonrecur- 
ring factors  in  certain  years  can  be  established,  it  is 
probably  best  to  omit  the  affected  years  from  the  data 
and  redetermine  the  relationships.  Thus,  in  the  case 
of  the  consumption  relationsliip  for  automobiles,  the 
data  used  were  for  1921-26  and  192S-32.  Retail  sales 
for  1927  were  down  because  of  the  sheer  nonavadability 
of  Ford  cars,  not  because  of  any  defect  in  consumer  pur- 
chasing power.  The  man-hours  relationship  for  anthra- 
cite mining  was  established  from  data  for  1924-32 
because  previous  years  were  too  much  upset  by  strikes. 

The  effort  to  account  for  residuals  will  often  bear 
fnut  in  an  improved  understanding  of  the  operating 
characteristics  of  the  industry.  Running  down  the 
causes  of  large  residuals  may  direct  attention  to  varia- 
bles hitherto  overlooked,  and  suggest  ways  of  improving 
the  formula. 

Studying  the  large  residuals  also  gives  an  idea  of 
how  hkely  the  formula  is  to  hold  up  under  unusual 
circumstances — of  how  much  it  can  be  thrown  off  by 
new  factors  entering  the  situation.  It  shows  the  analyst 
what  sort  of  things  to  be  on  the  lookout  for  in  following 
the  current  developments  in  the  industry. 

3.  Agreement  with  theoretical  considerations  and  known 
facts. — Besides  the  statistical  tests,  there  are  theoretical 
considerations.  For  example,  if  the  exponent  of  price 
in  a  consumption  relationsliip  conies  out  positive,  the 
formula  would  appear  to  be  illogical,  for  it  would  indi- 
cate that  increased  consumption  went  along  with  in- 
creased price.  To  be  sure,  no  claim  is  made  that  the 
net  relationships  are  separately  and  individually  correct 
and  that  they  indicate  the  true  effects  of  the  particular 
factors  on  the  estimate,  but  there  must  always  be  an 
element  of  uneasiness  in  using  a  relationsliip,  a  compo- 
nent factor  of  which  has  characteristics  at  variance 
with  a  priori  expectations. 

Another  example  would  be  a  man-hour  relationship 
\vith  an  upward  sloping  time  trend  for  an  industry 
where  it  was  known  from  engineering  sources  that  man- 
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hour  requirements  had  gone  down  due  to  extensive 
mechanization.  Results  like  these  should  be  questioned 
irrespective  of  goodness  of  fit.  They  indicate  strongly 
that  the  analysis  disregarded  an  important  factor  or 
factors,  the  influence  of  which  was  being  transmitted 
through  some  other  factor  as  a  proxy  variable.'^ 

VII.  Improving  the  Formulas 

1.  Revising  and  improving  the  formula. — Once  a 
reasonabl}'^  reliable  formula  has  been  developed,  there 
still  remains  the  process  of  revising  and  improving  it. 
This  process  needs  no  discussion  since  it  is  essentially  a 
repetition  of  the  processes  of  developing,  testing,  and 
criticizing  the  formula  except  that  it  has  the  results 
of  that  work  to  start  from.  Where  the  formula  is 
found  to  be  reliable  in  extrapolations,  the  1933-36 
data  can  safely  be  used  for  refitting  the  formula,  thus 
furnishing  a  slightly  more  accurate  formula  for  pro- 
jection into  1937  and  1938.  Where  the  formula  does 
not  extrapolate  reliably,  it  may  be  necessary  to  use  the 
data  from  1933-36  for  refitting  the  formula  but  the 
revised  formula  cannot  be  regarded  as  at  all  reliable 
until  data  for  subsequent  years  have  shown  that  it 
extrapolates  reliably.  As  fresh  data  become  available 
or  as  new  factors  seem  worth  taldng  into  account,  the 
formula  can  be  reworked.  Gradually,  over  a  period  of 
years  the  different  formulas  can  be  tested  by  further 
experience  and  adjusted  to  new  conditions.  This 
process  of  constant  readjustment  and  improvement  is 
implicit  both  in  the  development  and  in  any  continual 
use  of  such  formulas. 

Usually  the  improvement  in  a  relationsliip  will  consist 
of  introducing  new  variables  to  replace  proxy  variables, 
and  especially  the  time  trend.  Thus  the  early  studies 
of  the  consumption  of  coal  used  a  tmie  trend,  yet  later 
an  independent  index  of  efficiency  of  coal  utilization  was 
introduced  wliich  materially  deci'eased  the  variation 
which  was  accounted  for  by  the  catch-all  "time." 

Study  of  a  segment  may  also  suggest  the  desirability 
of  splitting  it  into  subsegments  in  order  to  obtain 
greater  homogeneity  in  each.  The  improvement  may 
take  the  form  of  having  two  or  three  relationsliips  in 
place  of  one. 


"  In  8  few  cases,  the  analysis  yielded  values  lor  the  coefficients  which  seemed  to  be 
absurd  in  spite  of  the  fact  that  the  factors  used  appeared  to  be  logical  and  the  variance 
which  they  explained  was  very  high.  When  these  analyses  were  further  investigated 
it  was  found  that  the  absurd  values  resulted  from  the  high  intercorrelation  which 
existed  between  two  or  more  of  the  independent  variables.  W'hile  the  net  relationships 
involving  these  highly  associated  variable  were  unreliable,  the  various  tests  showed 
that  the  relationship  as  a  whole  appeared  to  be  quite  reliable.  Since  the  interest  in 
these  analyses,  for  the  purposes  of  this  study,  lies  in  calculating  reliable  values  of  the 
dependent  variable  and  not  in  the  determination  of  net  effects  of  the  separate  inde- 
pendent variables,  the  compensating  character  of  the  errors  in  the  separate  net  regres- 
sions which  result  from  the  introduction  of  highly  intcrcorrelated  factors  tends  to 
minimize  the  errors  in  the  gross  estimates.  Because  some  of  the  analyses  contained  in 
this  study  do  contain  factors  which  are  highly  intcrcorrelated,  great  care  must  be 
used  in  the  interpretation  of  the  net  relationships  of  the  separate  factors  contained  in 
the  formulas. 


VIII.  Constructing  Conversion 
Patterns 

Once  the  basic  relations  underlying  eacii  major  seg- 
ment in  the  economy  have  been  worked  out  more  or 
less  precisely  and  stated  in  a  formula,  the  next  problem 
is  to  construct  conversion  patterns.  Tliis  involves 
two  different  steps;  first  deciding  on  the  particular 
system  of  assumptions  to  be  introduced  into  the  re- 
spective formulas — what  size  of  consumer  income, 
what  prices,  etc.;  second,  substituting  the  assumed 
numerical  values  in  the  formulas  so  as  to  obtain  a 
statement  of  the  conversion  activity  likely  to  take  place 
in  the  light  of  the  system  of  assumptions  adopted  and 
the  relationships  previously  derived  from  experience. 

1.  Developing  the  basic  assumj)tions. — In  addition  to 
the  formulas  developed  above,  there  are  both  general 
and  specific  assumptions  basic  to  any  particular  con- 
version pattern.  The  first  of  these  includes  assump- 
tions as  to  such  variables  as  the  size  of  consumer  in- 
come, the  level  of  industrial  activity,  and  the  character- 
istics of  income  distribution.  The  second  set  of  as- 
sumptions is  of  a  more  specific  character  related  to 
specific  industries,  as  for  instance  the  ratio  of  fuel  oil  to 
coal  prices  or  of  railroad  passenger  rates  to  cost  of 
living.  Both  of  these  types  of  assumptions  need  to  be 
considered  in  detail. 

The  two  most  important  general  variables  about 
which  assumptions  need  to  be  made  in  constructing  a 
conversion  pattern  are  consumer  income  and  industrial 
activity,  two  variables  wliich  tend  to  be  related.  The 
range  of  possible  combinations  of  values  for  these  two 
variables  is  limited  by  the  fact  that  they  are  not  inde- 
pendent. Wliile  consumer  income  and  industrial  pro- 
duction do  net  fluctuate  in  identical  fashion,  they  tend 
to  be  fairly  closely  related.  Therefore,  the  values  in- 
troduced for  these  two  factors  should  be  consistent. 
The  difference  in  the  figures  introduced  for  these  two 
factors  should  not  be  significantly  greater  than  the 
divergences  that  have  existed  in  the  past. 

What  other  general  assumptions  need  to  be  intro- 
duced can  only  be  determined  in  the  process  of  analyz- 
ing the  separate  segments.  The  influence  of  such  factors 
as  population  may  be  taken  account  of  in  time  trends 
or  these  factors  may  have  to  be  introduced  directly 
and  values  assigned  either  on  a  basis  of  forecast,  as  the 
population  a  year  hence  could  be  estimated,  or  by  the 
trial  of  various  possibilities,  as  is  proposed  with  con- 
sumer income.  The  exact  procedure  should  be  worked 
out  for  each  general  factor  in  the  light  of  the  experience 
gained  in  the  analysis  of  segments. 

In  constructing  the  patterns  which  appear  in  the 
report  it  appeared  desirable  to  have  a  basis  for  selecting 
the  index  of  production  to  be  paired  with  consumer 
income.  A  relation  was  worked  out  between  the  two, 
as  follows: 
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Calculated  industrial  production=0.2004(0.9837)''"-"" 
(1923-25=100) 

X  (consumer  income)'"" 
(Billions  of  1936  dollars) 

using  the  data  from  1919-36;  on  the  basis  of  which  the 
following  values  were  taken  as  corresponding: 

Cormpondint 
Cornumer  Income  Index,  irtduslriat 

(Billions  of  1936  production 

dollars)  (1U23-25  =  100) 

50 68 

60 90 

70 113 

80 139 

90 166 

100 195 


Factors  represented  by  time  trends  were  assumed  to 
have  values  as  of  1938. 

Specific  variables  such  as  real  prices  of  individual 
commodities  were  assumed  to  be  as  in  1936,  except 
where  otherwise  stated. 

2.  Introducing  the  assumed  values  into  the  formula. — 
The  next  step  is  calculation  of  the  inputs  and  outputs 
for  the  various  segments  from  the  formulas  developed. 
This  is  a  mere  matter  of  aritlimetic  and  needs  no  ex- 
planation here.  The  resulting  input  and  output  items 
derived  from  each  system  of  assumptions  constitute 
the  conversion  pattern  for  that  particular  system  of 
assumptions,  that  particular  consumer  income,  etc. 
It  is  a  statement  in  more  or  less  detail  of  the  industrial 
activity  wliich  seems  most  Ukely  to  take  place  under 
the  assumed  basic  conditions. 


APPENDIX    2 
SEGMENT    ANALYSIS 


Introduction 

For  the  purpose  of  constructing  useful  patterns  of 
resource  use,  it  was  found  convenient  to  divide  the 
national  economy  into  81  industrial  segments.  This 
involved  the  making  of  138  analyses,  81  of  which  were 
manpower  and  57  of  which  were  consumption.  For 
each  industry  considered,  an  annual  manpower  series 
was  related  to  the  output  for  that  industry  and  a  time 
factor;  in  a  few  cases,  manpower  was  related  directly 
to  such  general  factors  as  consumer  income  and  indus- 
trial production.  The  consumption  of  the  products  of 
an  industry  was  related  to  one  or  more  of  the  general 
factors  and,  in  some  cases,  to  certain  particular  factors 
such  as  the  average  price  of  the  products.  With  few 
exceptions,  each  analysis  was  made  using  only  the  data 
for  the  years  of  the  period  ending  in  1932,  reserving  the 
available  data  after  1932  for  testing  the  reliability  of 
the  relationships  obtained.  A  graphical  method  was 
first  used  to  determine  the  nature  and  character  of  the 
relationships  indicated  by  the  data.  The  final  relation- 
ships were  then  obtained  by  applying  the  method  of 
least  squares  to  a  mathematical  equation. 

The  results  of  the  analyses  are  shown  in  charts 
XXI-LVI  in  the  body  of  the  report,  where  the  values 
as  given  by  each  formula  are  compared  with  the  actual 
values.  The  patterns  of  resource  used  shown  in  table  II 
of  the  body  of  the  report  are  based  on  the  extrapola- 
tions given  by  the  formulas  for  various  assumed  levels 
of  consumer  income. 

In  this  section,  summaries  of  the  methods  as  well  as 
the  factual  data  used  are  presented  for  138  analyses. 
Each  summary  gives  a  brief  description  of  the  factors 
which  were  related  to  manpower  or  consumption  and  a 
table  of  the  data  representing  the  factors  is  also  pre- 
sented. A  mathematical  equation  is  given  summariz- 
ing the  results  of  the  analysis  for  the  years  of  the  period 
ending  in  1932. 

A  statement  is  given  in  each  summary  of  the  average 
percentage  residuals  for  the  years  ending  in  1932  to 
indicate  the  closeness  of  fit  of  the  values  as  computed 
by  the  formula  to  the  actual  values.  The  percentage 
residual  is  derived  from  the  ratios  of  the  actual  less  the 
calculated  values  to  the  calculated  values  for  the  corre- 
sponding years.  An  empirical  test  of  the  reliability  of 
the  formula  for  the  years  beyond  1932  was  made  by  the 
use  of  the  percentage  residual.  For  the  purpose  of  this 
report  it  was  decided  arbitrarily  that  a  formula  was 
considered  rehable  if  the  percentage  residuals  for  the 


extrapolated  years  beyond  1932  were  not  greater  than 
5  percent.  For  those  cases  not  satisfying  this  condi- 
tion, the  formulas  were  considered  to  be  less  rehable 
and  in  constructing  the  patterns  of  resource  use  for 
such  cases  a  formula  was  employed  which  was  derived 
from  all  of  the  data  tlirough  the  recent  years. 

A  more  satisfactory  method,  particularly  when  each 
analysis  is  considered  by  itself,  of  indicating  the  close- 
ness of  fit  and  test  of  rehability  is  that  employing  the 
standard  error  of  estimate.  A  residual  (actual  less 
calculated  value)  which  exceeds  twice  the  standard 
error  of  estimate  is  considered  as  significant  (see  R.  A. 
Fischer,  Statistical  Methods  jor  Research  Workers,  p.  44). 
According  to  this  criterion,  the  formula  may  be  con- 
sidered rehable  if  each  of  the  residuals  for  the  years 
beyond  1932  is  less  than  twice  the  standard  error  of 
estimate.'  This  method  of  presenting  the  significance 
of  the  results  as  well  as  the  5  percent  criterion  are  shown 
in  charts  XI-XIII  of  the  text. 

One  other  method  utilized  to  show  the  closeness  of  fit 
is  also  given,  i.  e.,  the  percent  of  the  total  variance  ac- 
counted for  by  the  factors  used.  Economic  series  of 
the  type  which  have  been  employed  tend  to  have  some 
degree  of  spurious  intercorrelations  and  it  is  therefore 
necessary  to  set  a  high  standard  to  the  Umit  of  signifi- 
cance indicated  by  the  variance  accounted  for  by  the 
series.  In  most  cases  it  was  decided  that  if  not  more 
than  90  percent  of  the  variance  ^  was  accounted  for, 
then  the  formula  was  not  to  be  considered  very  reliable. 

Other  measures  and  tests  of  significance  can  be 
utilized.  For  instance,  one  can  calculate  the  standard 
errors  of  the  constants  in  the  equations  which  were 
determined  from  the  data.  Such  measures,  however, 
add  little  to  the  understanding  of  the  analyses,  par- 
ticularly for  the  purpose  for  which  they  are  used  in  this 
report.  The  interest  of  the  analysis,  so  far  as  this 
report  is  concerned,  hes  in  the  combination  of  the  factors 
used  in  the  formula  and  not  in  the  net  effect  of  each 
individual  factor.     In  some  cases  a  high  intercorrelation 


<  The  usual  tests  of  significance  are  applicable  to  random  samples  in  which  the 
observations  are  independent.  Since  these  conditions  are  in  general  not  met  by 
economic  time  series,  the  application  of  tests  of  significance  to  such  series  is  somewhat 
doubtful.  The  use  of  the  standard  error  does,  however,  aid  in  Ihe  appraisal  of  the 
rcliabilty  of  the  results. 

'  The  variance  accounted  for  as  given  in  the  summaries  is  adjusted  for  the  number 
of  degrees  of  freedom  remaining  after  accounting  for  the  number  of  constants  involved 
in  the  equation  used.  It  should  be  pointed  out  that  it  is  not  possible  to  obtain  a 
correct  measure  of  the  number  of  degrees  of  freedom  left  in  correlation  analyses  involv- 
ing economic  time  series  since  such  series  may  be  serially  intercorrelated;  for  this  and 
other  reasons  the  observations  may  not  be  independent.  The  amount  of  variance 
explained,  given  in  the  analysis,  is  therefore  only  a  crude  indication. 
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may  exist  between  two  or  more  factors,  and,  under  these 
circumstances,  it  is  practically  impossible  to  obtain  a 
sharply  defined  net  effect  of  each  factor  separately.  In 
such  cases,  the  constants  which  are  determined  and  the 
net  effects  of  the  individual  factors  may  not  be  rehable. 
However,  the  combined  effects  of  the  several  factors 
may  very  well  yield  a  rehable  result. 

It  might  be  of  considerable  interest  for  other  pur- 
poses to  study  the  net  effects  or  partial  relationships 
given  by  the  analysis.  Tiie  i)rtrtial  relationships  can 
be  derived  directlj'  from  the  formula  presented  in  each 
summary  and  they  can  be  shown  graphically  by  plotting 
the  functional  value  of  the  factor  as  it  appears  in  the 
formula  against  the  value  of  the  factor  itself.  The 
partial  relationships  must  be  used  with  great  caution, 
particularly  if  cause  and  effect  interpretations  are  to  be 
imputed  to  them. 

The  dangers  in  making  such  interpretations  are  illus- 
trated by  the  example  shown  in  chart  A  which  presents 
the  partial  relationsliips  of  passenger  traffic  with  respect 
to  consumer  income,  passenger  rates,  and  time.  The 
partial  relationships  are  derived  directly  from  the 
formula  given  in  summary  No.  9b.  What  interpreta- 
tion can  be  derived  from  the  relationships  shown  in 
panels  2,  3,  and  4?  Panel  2  shows  the  curve  repre- 
senting the  partial  relationship  of  passenger  traffic  with 
consumer  income.  It  is  obtained  by  plottmg  the  term 
0.6775  (consumer  income)  '""'  of  the  formula  against 
consumer  income.  The  points  above  and  below  the 
curve  represent  the  position  of  the  actual  values  in 
relation  to  the  values  given  by  the  partial  relationship. 
They  are  obtained  by  plotting  the  ratio  of  the  actual 
value  to  the  calculated  value  multipUed  by  the  reading 
of  the  point  on  the  curve  for  the  corresponding  year. 
The  position  of  the  points  with  respect  to  the  curve 
indicates  how  well  the  relationship  fits  the  actual  data. 

The  relationship  appears  to  show  that  if  consumer 
income  increases  by  10  percent,  passenger  traffic  could 
be  expected  to  increase  by  10.7  percent,  provided  all  the 
other  factors  remain  equal.  The  reliability  of  this 
statement  depends  on  tlie  reliability  of  the  exponent, 
1.0748,  and  in  addition  on  the  assumption  that  con- 
sumer income  does  not  represent  other  factors,  not 
introduced  in  the  formula,  by  proxy.  It  may  well  be 
that  the  relationship  shows  not  only  the  effect  of  the 
purchasing  power  of  consumers  but  also  the  effect  of 
other  factors  whose  variations  parallel  those  of  con- 
sumer income.  The  passenger  rate  relationship  in  panel 
3 — obtained  by  plotting  the  value  of  the  factor  (real 
passenger  rates  -""2)  against  real  passenger  rates — shows 
that  if  passenger  rates  decrease  by  100  percent,  then 
passenger  traffic  could  be  expected  to  increase  by  52.2 
percent,  but  this  may  not  necessarily  represent  the  effect 
of  passenger  rates  alone.  It  woukl  not  be  the  case,  for 
instance,  if  concomitant  with  each  decrease  in  passenger 


rates,  railroad  companies  also  attracted  customers  by 
giving  faster  and  more  comfortable  service.  In  such  a 
case,  it  would  be  difficult  if  not  impossible  to  determine 
how  much  of  the  resulting  increase  in  passenger  traffic 
is  due  to  the  rate  change  or  to  the  greater  appeal  of 
railroad  travel.  From  tlus  example,  it  is  obvious  that 
much  care  must  be  used  in  making  statements  relative 
to  cause  and  effect  association  from  the  analysis. 

The  effect  of  the  time  factor  shown  in  panel  4  is 
markedly  downward — an  annual  average  rate  of  decline 
in  passenger  traffic  of  7.3  percent  is  indicated  over  the 
period  considered,  all  other  factors  being  equal.  The 
time  relationship  represents,  bj'  proxy,  the  trends  of  a 
number  of  factors  such  as  the  increase  of  automobile 
travel,  and  the  increase  in  the  number  of  highways 
connecting  different  parts  of  the  country.  The  use  of 
a  time  factor  makes  the  formula  risky  for  purposes  of 
extrapolation  since  the  combined  trends  in  the  proxy 
factors  which  it  represents  might  suddenly  change. 

Summarizing,  cause  and  effect  statements  can  be 
made  with  some  degree  of  reliability  from  the  results 
of  a  correlation  analysis  if  the  factors  used  explain 
most  of  the  variation  and  are  known  to  represent  no 
other  major  factors  (measurable  or  nonmeasurable)  by 
proxy,  and  if  the  slopes  of  the  relationships  are  reliable. 

The  values  of  consumption  and  employment  given 
in  table  II  of  the  body  of  the  report  are  calculated  for 
the  most  part  from  the  formulas  given  in  the  summaries. 
In  those  cases  where  the  percentage  residuals  are  large, 
new  analyses  were  made  using  all  of  the  available  data. 
For  the  clearly  discontinuous  cases  such  as  government 
and  banking  and  finance,  the  extrapolations  were  made 
from  fornmlas  derived  for  shorter  periods — such  as 
1929-36,  or  in  other  cases  a  single  trend  value  was  taken 
for  all  assumed  levels  of  consumer  income  in  1938. 

Manj'  of  the  textile  analyses  offered  considerable  diffi- 
culty and  the  results  appear  to  be  less  reliable  in  general 
than  those  of  the  other  segments.  This  does  not  neces- 
sarily implj'  that  discontinuities  are  present  in  the  tex- 
tile segments,  but  tliat  not  enough  time  was  available 
to  make  a  careful  stutly  of  the  factors  influencing 
the  fluctuations  in  consumption  of  textile  products, 
particularly  the  short  time  cyclical  variations.  Fur- 
thermore, data  on  the  consumption  of  textiles  are  not 
directly  available  and  the  data  used  are  therefore 
only  approximations.  Also,  the  factors  influencing 
consumption  are  complicated  and  often  difficult  to 
measure— styles  and  fashions  change  and  such  changes 
cannot  be  properly  measured.  For  these  reasons,  the 
results  of  tlie  analyses  of  some  of  the  textile  segments 
are  not  considered  very  reliable. 

The  construction  segment  is  another  wliich  involved 
considerable  difficulty.  It  was  originally  planned  to 
studj'severaldivisionsof  the  construction  segment— such 
as  residential,  industrial,  and  commercial  construction. 
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TOTAL  PASSENGER  TRAFFIC  AS  RELATED  TO 
CONSUMER  INCOME  AND  REAL  RATES 
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However,  most  of  the  available  data  on  these  segments 
were  unreliable  or  not  suitable  for  the  purpose  of  the 
study.  The  total  construction  segment  was  finally 
used.     An  estimate  of  total  value  of  new  construction 

73G74— 39 7 


was  made  and  a  rough  analysis  was  obtained  relating 
output  to  consumer  income  and  real  construction  costs. 
The  results  were  not  very  reliable  and  were  used  only  to 
calculate  values  of  output  to  be  used  in  extrapolating 
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for  the  manpower  requirements.  The  construction 
manpower  analysis  is  given  in  the  summary  section 
to  indicate  the  type  of  data  used — the  results  of  this 
analysis,  however,  do  not  appear  to  be  too  unreliable. 
The  study  of  the  agriculture  segment  is  also  not  satis- 
factory. The  data  on  agricultural  equivalent  full-time 
employment  supplied  by  the  Bureau  of  Foreign  and 
Domestic  Commerce  is  in  process  of  revision.  The 
National   Research    Project   of   the   Works    Progress 

Table  I.^ — General  factors  used  in  the  manpower  and  consumption 

analyses 


Index  > 

Midyear" 

Total ' 

Con- 
sumer 

Index  of  > 

cost  of 

living 

(1936= 

100) 

Con- 
sumer' 

Index  of* 
industrial 

of  all 
commod- 

popula- 
tion 

employ- 
ment. 

Year 

income' 

income 

produc- 

ity 

estimates 

full- 

(billions 

(billions 

tion 

wholesale 

of  the 

time 

of  current 

1936 

(1923-25 

prices 

United 

equiva- 

dollars) 

dollars) 

=  100) 

(1926= 

States 

lent 

100) 

(millions) 

(millions) 

1919 

•87.3 

123.0 

46.6 

83 

138.6 

105.0 

42.0 

1920 

66.8 

142.0 

47.0 

87 

154.4 

106.5 

42.3 

1921...... 

53.9 

127.5 

42.3 

67 

97.6 

108.2 

38.5 

1922 

57.9 

118.7 

48.8 

85 

96.7 

109.9 

39.9 

1923 

66.5 

121.3 

54.8 

101 

100.6 

111.5 

42.7 

1924 

67.3 

121.5 

55.  4 

95 

98.1 

113.2 

42.4 

1925 

70.9 

124.4 

57.0 

104 

103.5 

114.9 

43.1 

1926 

73.3 

125.8 

58.3 

108 

100.0 

116.5 

44.4 

1927 

73.2 

124.3 

58.9 

106 

9.5.4 

118.2 

44.6 

1928 

75.8 

121.9 

62.2 

111 

96.7 

119.9 

45.0 

1929. 

79.3 

121.5 

65.3 

119 

95.3 

121.5 

46.6 

1930 

71.9 

119.0 

60.4 

96 

86.4 

123.1 

44.6 

1931 

59.4 

108.7 

54.6 

81 

73.0 

124.1 

41.1 

1932 

45.9 

98.3 

46.7 

64 

64.8 

125.0 

37.6 

1933 

44.6 

92.6 

48.2 

76 

65.9 

125.8 

37.9 

1934 

51.8 

95.9 

54.0 

79 

74.9 

126.6 

40.3 

1935 

55.9 

98.2 

56.9 

90 

80.0 

127.5 

41.4 

1936 

63.9 

100.0 

63.9 

105 

80.8 

128.3 

43.5 

1937'.... 

70.0 

103.2 

68.0 

110 

86.3 

129.3 

45.5 

Note— The  followinp;  preliminary  and  unpublished  data  based  upon  estimates 
of  the  National  Research  Project.  Works  PrtJ^css  .\dministration.  are  included 
with  permission  of  the  National  Research  Project:  Labor  force  (in  millions)  for  the 
years  1921  through  1937,  respectively,  42.6,  43.2,  44.1,  45.0,  45.7,  46.4,  47.1,  47.8.  48.6, 
49.3,  49.9,  60.6,  51.2,  61.9,  52.5,  53.1.  53.7. 

>  Based  upon  data  from  National  Bureau  of  Economic  Research  and  U.  8.  Depart- 
ment of  Commerce,  Bureau  of  ForeiKn  and  Domestic  Commerce.  Data  for  1919-28 
are  based  on  the  revised  estimates  of  the  National  Bureau  of  Economic  Research 
(Kuznets,  Simon,  National  Income  and  Capital  Formation  lf^!9-S.^,  p.  73;  item:  .\ggre- 
gate  Income  Pavments  to  Inilividimls.  Third  Variant)  adjusted  to  agree  with  Depart- 
ment of  Commerce  data  in  1929:  data  for  1929-36  are  from  Department  of  Commerce: 
"income  paid  out"  ns  published  in  Stirrev  of  Current  Business  (U.  S.  Department  of 
Commerce),  June  1937,  p.  12,  and  unpublished  revised  "noncorporate  business 
savings  " 

'  Derived  from  Bureau  of  Labor  Statistics  Cost  of  Living  Index:  Changes  in  Cost  of 
Liring  (U.  S.  Department  of  Labor,  Bureau  of  Labor  Statistics,  serial  No.  R-510). 
When  only  December  and  June  values  arc  available,  the  current  year  figure  is  ob- 
tained by  weighting  previous  year's  December  figure  by  l,ciuTent  June  figure  by  2 
and  current  year's  December  figure  by  1. 

>  Data  in  first  column  divided  by  data  in  third  column. 

*  Board  of  Governors  of  the  Federal  Reserve  System,  Federal  Reserve  BuUelin, 
October  1937,  p.  1032. 

»  U.  S.  Department  of  Labor,  Bureau  of  Labor  Statistics,  WliolesiiU  Prices,  serial 
No.  R-205. 

•U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Data  published  annually 
in  Statistical  Abstract  of  the  United  fVales. 

'  Total  emplityment  from  the  National  Bureau  of  Economic  Research  (unpublished' 
data)  1!H9-211;  t'niloil  States  Department  of  Commerce  Estimates  of  Persons  En- 
gaged. 1929-36.  (.\gricultural  Employment  increa-sed  25  percent  to  accotmt  for 
unpaid  family  workers.) 

'  The  estimates  of  noncorporate  business  savings  for  1919  are  very  crude  and  will 
probably  be  revised  in  the  near  future  by  the  National  Bureau  of  Economic  Re- 
search. A  more  reasonable  estimate  for  1919  was  therefore  obtained  by  applying  to 
the  1920  total  income  paid  plus  noncorporate  business  savings  the  ratio  of  the  1919  to 
1920  national  income  paid  out. 

•  Preliminary. 

Administration,  with  the  cooperation  of  the  Department 
of  Agriculture,  has  derived  a  more  reliable  series  on 
persons  engaged  in  agriculture  over  a  long  period  of 
years.  However,  for  the  purposes  of  this  report  it  was 
necessary  to  use  a  series  on  equivalent  full-time  em- 
ployment and  time  did  not  permit  the  making  of  the 
necessary  adjustments  to  convert  the  series  of  the  Works 
Progress  Administration  into  equivalent  full-time  em- 


ploj-ment.  The  equivalent  full-time  employment  for 
agriculture  for  all  assumed  levels  of  income  in  1938  was 
taken  to  be  the  same  as  in  1936.  The  error  in  assuming 
this,  however,  is  not  great,  since  the  number  of  persons 
engaged  in  agriculture  fluctuates  but  little,  the  maxi- 
mum percent  difference  in  employment  from  1929  to 
the  lowest  point  since  that  year  (in  1932)  being  onl}- 
2.8  percent  of  the  1929  value. 

In  order  to  determine  manpower  and  consumption  at 
various  levels  of  consumer  income  it  was  necessary  to 
develop  special  relationships  connecting  the  consump- 
tion to  the  production  in  a  segment  or  the  individual 
real  price  to  the  consumer  income,  etc.  These  special 
relationships  whenever  used  are  given  in  the  footnotes 
of  table  II  of  the  body  of  the  report.  In  those  segments 
where  changes  in  stocks  and  net  exports  constituted  less 
than  1  percent  of  the  total  output,  consumption  was 
assumed  to  be  equal  to  production.  Otherwise  a  rela- 
tionship between  consumption  and  production  was 
determined  to  take  into  account  the  trend  of  the  changes 
in  stocks  and  net  exports.  ^\licre  the  real  price  was 
used  as  a  factor,  the  1936  value  was  used  for  all  levels 
of  consumer  income  unless  a  definite  relationship  was 
indicated  between  the  real  price  and  the  consumer 
income.  In  the  latter  event  the  values  determined 
from  the  relationship  were  used  for  different  levels  of 
consumer  income. 

The  data  representing  the  general  factors  which  were 
used  in  the  analyses  are  presented  for  convenience  in 
table  I.  In  the  summaries  which  follow,  all  reference 
to  such  general  factors  will  be  made  to  tliis  table. 
Table  II  and  table  III  which  follow  the  summaries  give 
the  average  number  of  wage  earners  for  the  manufactur- 
ing segments  and  the  number  of  persons  engaged  in 
nonmanufacturing  industries. 


LIST  OF  SUMMARIES 

Segment 
Services  to  the  economy: 

Federal  Government manpower 

State  and  local  government manpower — 

Banking  and  finance manpower — 

Post  oflBce manpower — 

consumption. 

Telephone manpower — 

consumption. 

Telegraph manpower — 

consumption. 

Electric  power  and  light manpower — 

consumption. 

Manufactured  gas manpower — 

Railroads  (all  classes).- manpower — 

Total  passenger  traffic,  class  I  rail-    consumption. 

ways. 
Revenue  and  nonrevenue  ton-miles,     consumption, 
class  I  railways. 

Fuel  consumed  by  railroads consumption. 

.\uto  transportation manpower — 

Transportation,  excl.  auto,  railroad.,  manpower — 


Code  No. 
la 
2a 
3a 
4a 
4b 
5a 
5b 
6a 
6b 
7a 
7b 
8a 
9a 
9b 

9c 

9d 
10a 
11a 
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Manufacturing:  Code  No. 

Butter,  cheese,  condensed  milk,  and    manpower 101a 

ice  cream.                                              consumption.  101b 

Meatpacking manpower 102a 

consumption-  102b 

Flour  milling. manpower 103a 

consumption.  103b 

Canning  and  preserving manpower 104a 

consumption-  104b 

Tobacco manpower 105a 

consumption-  105b 

Cane  sugar  refining manpower 106a 

consumption-  106b 

Leather  (tanning  and  finishing) manpower 107a 

consumption-  107b 

Bread  and  other  bakery  products manpower 108a 

consumption-  108b 

Other  foods manpower 109a 

Confectionery  and  chocolate manpower 1 10a 

consumption.  110b 

Boots  and  shoes manpower Ilia 

consumption-  111b 

Other  leather  products  than  leather     manpower 112a 

and  boots  and  shoes.                            consumption.  112b 

Woolen  and  worsted manpower 1 13a 

consumption-  113b 

Cotton  textiles manpower 114a 

consumption'  114b 

Silk  and  rayon manpower 115a 

consumption-  115b 

Rayon  yarn manpower 116a 

consumption-  116b 

Knit  goods manpower 118a 

consumption.  118b 

Wearing  apparel manpower 119a 

consumption-  119b 

Dyeing  and  finishing manpower 120a 

Other  textiles manpower 120.1a 

consumption-  120.1b 

Paper  and  pulp manpower 121a 

consumption-  121b 

Lumber  and  millwork manpower 122a 

consumption.  122b 

Paiier  products manpower 123a 

consumption.  123b 

Furniture  and  related  products manpower 124a 

consumption.  124b 

Miscellaneous  lumber  products manpower 125a 

Printing  and  publishing  (newspapers    manpower 126a 

and  periodicals).                                   consumption.  126b 

Printing     and     publishing     (book,     manpower 126.1a 

music,  and  job).                                    consumption.  126.1b 

Printing,  publishing;  allied  industries-  manpower 126.2a 

Rubber  tires  and  tubes manpower 1 27a 

consumption.  127b 

Rubber  products,  other  than  tires     manpower 128a 

and  tubes.                                              consumption.  128b 

Chemicals manpower 129a 

consumption.  129b 

Paints  and  varnish manpower 129.1a 

consumption.  129.1b 

Petroleum  refining manpower 131a 

consumption-  131b 

Gasoline consumption.  131c 

Glass manpower 132a 

consumption-  132b 
'Mill  consumption  ot  raw  cotton. 


Manufacturing — Continued.  Code  No. 

Cement manpower 133a 

consumption-  133b 

Clay  products,  other  than  pottery-,   manpower 134a 

consumption.  134b 

Pottery manpower 134.1a 

consumption.  134.1b 

Marble,  granite,  other  glass  products,  manpower 134.2a 

Fertilizer manpower 135a 

consumption.  135b 

Coke manpower 136a 

Industrial consumption.  136b 

Domestic consumption.  136c 

Iron  and  steel manpower 137a 

consumption.  137b 

Nonferrous  '  metals  excl.  copper manpower 138a 

Lead consumption.  138b 

Zinc consumption.  138c 

Nonferrous  metals   other   than  cop-  consumption.  138d 

per,  lead,  and  zinc. 

Copper  smelting  and  refining manpower...  138.1a 

consumption.  138.1b 

Iron  and  steel  |)roducts manpower 139a 

consumption.  139b 

Nonferrous  metal  products manpower-..  140a 

.Automobiles.^ 

Passenger-car  sales manpower 141a 

consumption.  141b 

Transportation      equipment,      otlier  manpower 143a 

than  automobiles. 

Electrical  machinery manpower 144a 

Machinery  excluding  electrical manpower 145a 

consumption.  145b 

Miscel.  manufacturing  industries manpower 146a 

Mining: 

Petroleum,  oil,  and  gas  wells  drilled,  manpower 201a 

consumption.  201b 

Bituminous  coal manpower 202a 

consumption.  202b 

Anthracite  coal manpower 203a 

consumption.  203b 

Other  nonmetallic  mining manpower 204a 

consumption.  204b 

Iron  ore  mining manpower...  205a 

consumption.  205b 

Nonferrous  metallic  mining manpower 206a 

consumption.  206b 
Bulk  distribution  and  construction: 

Wholesale  trade manpower 301a 

Business  service manpower...  302a 

Retail  trade manpower 401a 

Construction manpower...  500a 

Services  to  tlie  consumer: 

Public  school manpower...  601a 

Private  school manpower...  602a 

Professional  service manpower 603a 

Personal  service manpower 604a 

Domestic  service manpower 605a 

Recreation  and  amusement manpower 606a 

Miscellaneous  services manpower 607a 

Miscellaneous: 

Miscellaneous  industries manpower 800a 

Salaried  workers  and  entrepreneurs  manpower 801a 

in  mining  and  manufacturing. 

Agriculture 900a 

Value  of  imports 1000 

>  Smelting  and  reQning. 

'  For  commercial  car  sales  see  footnote  55  ot  table  II  ot  the  text. 
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Summary  No.  la 

Federal  Government  (Excluding 

Post  Office) — Manpower 

Method  used. — Federal  Government  employment  excluding 
post  office  workers  went  to  a  high  level  during  and  after  the 
World  War  period.  The  analysis  was  carried  out  for  the  years 
of  the  period  1922-32.  For  the  period  1922-25  an  adjustment 
in  the  employment  was  made  for  the  effect  of  the  World  War. 
It  appeared  that  normal  conditions  in  Government  employment 
were  reached  at  about  1926.  The  factors  related  to  employment 
were  the  average  of  consumer  income  of  the  preceding  3  years 
and  time. 

The  data.— The  following  table  gives  the  data  used  in  the 
analysis: 


Manpower  and  related  factors 

Year 

Actual  em- 
ployment ' 
(thousands) 

Adjusted 
employment' 
(thousands) 

Consumer  in- 
come average 
past  3  years ' 
(billions  1936 
dollars) 

1,620 
809 
748 
592 
562 
565 
563 
550 
549 
660 
580 
590 
699 
687 
586 
677 
790 
900 

1920 

1921                 . 

1922  

486 
602 
605 
629 
650 
649 
560 
680 
590 
599 
587 
586 
677 
790 
900 

45.3 

J923.. 

46.0 

1924       

48.6 

1928.. - 

63.0 

1926 

55.7 

1927 

56.9 

J928      

58.1 

1929. 

59.8 

1930       

62.1 

1931 

62.6 

1932                ., 

60.1 

1933 

53.9 

1934 

49.8 

1935 

49.6 

1936             

53.0 

'  Federal  Government,  regular  and  nonregular,  excluding  post  office  and  work 
relief:  Pata  tor  1919-28,  National  Bureau  ot  Economic  Research  unpublished  data 
adjusted  to  Department  of  Commerce  data.  Data  for  1929-36,  Department  ot  Com- 
merce, Bureau  ot  Foreign  and  Domestic  Commerce. 

•  Employment  in  the  civil  service,  excluding  the  employment  in  those  agencies 
which  were  most  aflected  by  the  World  War.  i.  e..  White  Douse,  State,  Treasury, 
War,  Navy,  Labor,  Shipping  Board,  Kailroad  Administration,  Alien  Property 
Custodian,  Superintendent  of  State.  War,  and  Navy  Buildings,  Veterans*  Bureau, 
Railroad  Labor  Board,  and  the  Civil  Service  Commission,  as  reported  by  the  Civil 
Service  Commission  tor  the  years  1920-37,  is  spliced  to  the  adjusted  National  Bureau 
of  Economic  Research  scries  at  1927  to  obtain  a  series  of  eniiiloyment  adjusted  to 
eliminate  World  War  etTects  tor  1920-25.  The  series  thus  used  to  extrapolate  back- 
wards amounted  to  14.2  iicrcent  of  the  total,  the  assumption  being  made  that  had  it 
not  been  for  the  war.  employment  in  the  agencies  mentioned  above  would  have  varied 
proportionally  with  this  sample. 

'  3-year  average  ot  data  in  table  I. 

The  formula. — The  formula  obtained  using  the  adjusted  data 
for  the  years  1922-25  and  the  actual  data  for  the  years  of  the 
period  1926-32  is: 

Calculated  employment  =  119.8  (l.OOS)'"^""  X 

(Thoui^ands) 
(consumer  income  average  of  past  3  years)"'"" 
(Billions  of  1930  dollars) 

The  average  residual  for  the  period  1922-32  is  0.7  percent, 
with  the  maximum  of  1.2  percent  occurring  in  1922. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  29.5  percent,  with  the  maximum  of  54.6  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  98  percent. 
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Suminary  No.  2a 
State  and  Local  Government- 
Manpower 

Method  used. — The  factors  related  to  employment  were  the 
average  of  consumer  income  of  the  current  and  2  preceding  years, 
and  time,  for  the  years  of  the  period,  1921-32.  In  this  case  the 
graphical  analysis  indicated  that  the  linear  formula  would  give  a 
better  fit  than  the  exponential  formula,  and  the  analysis  is  based 
on  the  linear  formula. 

The  data.— The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment  > 
(thousands) 

Consumer  in- 
come average ' 
ot  current  and 

2  preceding 
years  (billions 
ot  1936  dollars) 

1921           - 

969 
972 
1,018 
1,081 
1,086 
1,124 
1,160 
1,210 
1,237 
1,278 
1,281 
1,237 
1,187 
1,208 
1,241 
1,293 

45.3 

1922 

46.0 

1923               

48.6 

1924 

53.0 

1925               

55.7 

1926 

56.9 

1927             

58.1 

1928 

69.8 

1929                  

62.1 

1930 

62.6 

1931                        

60.1 

1932 

63.9 

1933  — 

49.8 

1934      

49.6 

1935  

53.0 

1936 

68.3 

'  Data  for  1921-28,  National  Bureau  ot  Economic  Research  unpublished  adjusted 
to  Department  ot  Commerce  data.  Data  tor  1929-36,  Department  of  Commerce, 
Bureau  ot  Foreign  and  Domestic  Commerce. 

>  3-year  average  of  data  in  table  I  of  this  Appendix. 

The  formula. — The  formula  obtained  using  the  data  for  the 
years  of  the  period  1921-32  is: 

Calculated  employment  =  574 -MO  X 
(Thousan<is) 
(consumer  income  average  of  current  and  2  preceding  years)    -(- 
(Billions  of  1936  dollars) 
16.76224  (year- 1926) 

The  average  residual  for  the  period  1921-32  is  1.1  percent, 
with  the  maximum,  —2.5  percent,  occurring  in  1925. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
1.0  percent,  with  the  maximum,  —2.4  percent,  occurring  in  1936. 

The  amount  of  variation  explained  is  98  percent 

Summary  No.  3a 

Banking,  Real  Estate  and  Insurance — 

Manpov\er 

Method  used. — The  graphical  analysis  for  the  banking  and 
finance  .segment  indicated  that  when  employment  was  related  to 
consumer  income  and  a  time  trend,  a  fairly  satisfactory  fit  was 
obtained  for  the  period  ending  in  1932,  but  that  after  1932  the 
extrapolations  were  considerablj'  out  of  line.  This  is  an  example 
of  discontinuity  and  the  probable  explanation  is  that  the  actual 
employment  after  1932  was  much  lower  than  the  calculated  em- 
ployment because  of  the  reorganization  of  the  banking  and 
financial  svstem  which  occurred. 
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The  data.- — The   following   table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(thousands) 

Consumer  in- 
come average 
of  current  and 
previous  year ' 
(billions  of  1936 
dollars) 

1923                                   

819 

877 

904 

982 

1,051 

1,113 

1,185 

1,150 

1,095 

1,044 

996 

1,041 

1,097 

1,123 

51.8 

1924                                 

65.1 

56.2 

1926                                  

57.6 

1927 

1928                            — 

68.6 
60.6 

1929 - 

63.8 

1930                                               

62.8 

1931                                 

67.5 

1932                                             

60.6 

1933                                 

47.4 

1934                                                 _ 

51.1 

1935                               

55.4 

1936                                                   

60.4 

1  Based  on  the  estimates  of  the  tJ.  S.  Department  of  Commerce,  Bureau  of  Foreign 
and  Domestic  Commerce,  for  the  period  1925-36;  the  estimates  of  the  National  Bureau 
of  Economic  Kc.^earch  for  the  years  l!i23-2i.i  witi'  spliced  to  the  Department  of  Com- 
merce estimates  at  192.).    Excludes  "brokerage"  and  "building  and  loan"  employee;!. 

'  Based  on  data  given  in  table  I  of  this  Appendix. 

The  fornnda. — The  formula  derived  from  the  data  for  the  years 
1923-32  is  given  by: 

Calculated  employment  =  26.73  (1.029)""- "s*  X 

(Thousands) 
(consumer  income  average  current  and  previous  year)''"'^ 
(Billions  1936  dollars) 

The  average  residual  for  the  period  1923-32  is  1.9  percent;  the 
maximum  of  3.0  percent  occurring  in  1928. 

The  average  residual  for  the  extrapolated  period  1933-36  is 
8.3  percent  with  the  maximum  at  1936,  i.  e.,  —17.1  percent. 

The  percent  of  variation  explained  is  95  percent. 

Summary  No.  4a 

Post  Office — Manpower 

Method  used. — Employment  appears  to  be  more  closely  related 
to  the  deflated  revenue  of  the  preceding  year  than  to  the  current 
year's  output.  Current  employment  was  related  to  the  deflated 
revenue  lagged  one  year  and  to  a  time  trend. 

The  data.  The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(thousands) 

Deflated  reve- 
nue preceding 
year  ^  (millions 
of  1929  dollars) 

1919                                                             

236 
245 
262 
260 
266 
264 
271 
276 
277 
279 
282 
283 
282 
278 
270 
264 
260 
267 

409 

1920                                    --- 

462 

1921                                                                   

473 

1922                              - 

495 

1923                                                             

630 

1924                              -■ 

576 

1925                                                            

608 

1926                    

640 

1927                                                     --- 

667 

1928              •- 

678 

1929                                               -- 

690 

1930              .               

701 

1931                                    

681 

1932 

622 

1933                                  - 

618 

1934  ---  

461 

1935                          

496 

1936 --   

527 

•  A  weighted  average  of  post  office  employment  on  June  30  and  December  31  each 
year,  as  reported  by  the  Civil  Service  Commission  (June  30  X  2  and  December  31 
X  1). 

>  Annual  Reports  of  the  Postmaster  General  and  Postage  Rates  I789-I9H0  (Office  of 
the  Third  Assistant  Postmaster  General).  Gross  revenue  was  divided  by  index  of 
postal  rates.  The  index  of  postal  rate':  is  a  weighted  arithmetic  mean  of  percentage 
relatives  of  various  classes  of  mail  with  year  1929  as  base.  Weights  are  proportional 
to  revenue  derived  in  the  base  year.  The  fiscal  year  data  were  converted  to  a  calendar 
year  basis  by  taking  a  2-year  moving  average. 


The  formula. — The  following  formula  was  derived,  using  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  employment  = 

(Thousands) 

47.3  (LOOS)"'"-"^"  (deflated  output  preceding  year)  "■"'« 

(Millions  of  1929  dollars) 

The  average  residual  for  the  period  1919-32  is  0.4  percent,  with 
the  maximum  of  1.4  percent  occurring  in  1921. 

The  average  residual  for  the  extrapolated  period  1933-36  is 
1.6  percent,  with  the  maximum  of  3.0  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  98.5  percent. 

Summary  No.  4b 
Post  Office— Output 

Method  vsed:  Revenues  of  the  post  offrce,  deflated  by  postal 
rates,  were  related  to  an  average  of  the  current  and  previous 
year's  consumer  income,  an  index  of  postal  rates  deflated  by 
cost  of  living,  and  a  time  trend.  An  exponential  form  was  first 
used,  and  the  influence  of  the  rate  factor  later  changed  from  the 
exponential  form  to  a  linear  factor. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Output  and  related  factors 


Year 

Deflated 

revenue • 

(millions  of 

1929  dollars) 

Consumer 

income,  2-year 

average ' 

(billions  of 

1936  dollars) 

Deflated  Index 

of  postal 

rates ' 

1922 

530 
576 
608 
640 
667 
678 
690 
701 
681 
622 
518 
461 
496 
527 
562 

45.6 
51.8 
5.5.1 
.56.2 
57.6 
58.6 
60.6 
63.8 
62.8 
57.6 
50.6 
47.4 
51.1 
55.4 
60.4 

80.9 

1923                                              

79.1 

79.3 

2925                                             

79.0 

1926                            

80.0 

1927      .- 

81.7 

1928                    -- 

82.7 

1929 

82.3 

1930             

84.0 

1931 

92.0 

1932                     - 

117.8 

1933 - 

1934                         

137.6 
128.4 

1935  _ 

125.2 

1936                       - 

122.9 

1  Annval  Reports  of  the  Postmaster  General  and  Postage  Rate—l7S9-I9S0  (Office  of 
the  Third  Assistant  Postmaster  General).  Gross  Revenue  was  divided  by  index 
of  postal  rates.    (See  Summary  No.  4a.) 

'  Average  of  current  and  previous  year  based  on  data  given  in  table  I  of  this 
Appendix.  ^  ,  ,  „         , 

3  Index  of  postal  rates  (1929=100).  See  Summary  No.  4a.  This  was  deflated  by 
cost  of  living  index  (1936=100)  as  given  in  table  1  of  this  Appendix. 

The  formula. — The  following  formula  was  derived   from  the 
data  for  the  years  1922-32: 

Calculated  deflated  revenue  = 
(Millions  of  1929  dollars) 


'(consumer  income,  averageV-"'"' 
"  current  and  past  ye: 
(Billions  of  1936  dollars) 


/(coi 
143.5  (1.00,'))>'"'-"'"X(    of  current  and  pa.st  vear)     1        X 
\  (Billions  of  1936  dollars)  / 


(Index  of  deflated  rates)  -"-"^  (1) 

This  was  modified  '  by  substituting  a  linear  factor  for  price: 

Calculated  deflated  revenue  = 
(Millions  of  1929  dollar.s) 

/(consumer  income,  average V"'" 
143.5  (1.00.5)>'"'-'»"X(    of  current  and  past  vear)    I        X 
\  (Billions  of  1936  dollars)  / 


(1.458—0.00457  (index  of  deflated  rates)) 


(2) 


Using  formula  (2)  the  foflowing  results  are  obtained: 

The  average  residual  for  the  years  covered   in  the  analysis, 

1922-32,  is  1.9  percent,  with  a  maximum  of  2.9  percent  occurring 

in  1927. 


1  For  a  description  of  the  method  see  ch.  V  of  Appendix  1. 
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The  average  residual   for  the   extrapolated   years,    1933-36, 
is  3.0  percent,  with  a  maximum  of  6.0  percent  occurring  in  1933. 
The  amount  of  variation  explained  is  94  percent. 

Summary  No.  5a 
Telephone — Manpower 

Method  used. — The  factors  related  to  manpower  are  the  average 
of  the  current  and  past  year  output  and  a  time  trend.  The 
output  relationship  was  sub.sequently  modified  by  using  the 
method  of  selected  points. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis  for  the  years  of  the  period  1921-32: 

Manpower  and  related  factors 


Consumption  and  related  factors 


Year 

Persons 

engaged ' 

(thousands) 

Telephone 

output  > 

(1920=100) 

Index  of  output 

average  current 

and  past 

year' 
(1920=100) 

1921      

286 
305 
333 
340 
352 
360 
367 
383 
427 
419 
369 
334 
308 
299 
292 
300 

107.2 
118.6 
12a0 
135.0 
143.7 
153.3 
161.2 
171.3 
185.0 
181.8 
174.5 
156.3 
145.4 
150.0 
<156.4 
U69.5 

103.6 

1922 

112.9 

1923       

123.3 

1924                  ,  _  

131.5 

1925        

139.3 

1926                  .  

148.5 

1927 

1928 

157.3 
166.2 

1929 

1830 

1931 

1932 

1933.. .-. 

1934 

178.2 
183.4 
178.1 
165.4 
150.9 
147.7 

1935          

153.2 

1936  

162.9 

'  Data  for  1919-28,  National  Bureau  of  Economic  Researcli  data  adjusted  to  De- 
partment of  Commerce  data;  data  for  1929-36,  Department  of  Commerce,  Bureau 
of  Foreign  and  Domestic  Commerce. 

*  National  Bureau  of  Economic  Research  Bulletin  59,  p.  24,  as  presented  in  Techno- 
ogical  Trends  (National  Resources  Committee),  p.  77.  Data  are  a  weighted  average 
of  exchange  and  toll  connections. 

'  2-year  average  of  data  in  preceding  column. 

<  Extrapolated  by  National  Resources  Committee  Index  computed  from  unpub- 
ished  data  of  the  Federal  Communications  Commis,';ion,  1926-3(i;  average  of  2 
extrapolations. 

The  formula.— The  formula  obtained  by  using  the  data  for 
the  period  of  the  years  1921-32  is  as  follows: 

Calculated  employment= 

(thousands) 

-1 403 -9.9056>'""-""+ 625.9  (index  of  output)"  2»<s 

(1920=100) 

The  average  residual  for  the  period  1921-32  is  2.1  percent, 
with  the  maximum  of  6.0  percent  occurring  in  1929. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
2.7  percent,  with  the  maximum  of  5.7  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  93  percent. 

Summary  No.  5b 
Telephone — Consumption 

Method  used. — The  factors  related  to  telephone  consumption 
are  consumer  income  and  a  time  trend.  It  appears  that  the 
consumer  income  of  the  past  2  years  also  affects  the  output  of 
telephone,  and  so  the  series  used  consisted  of  a  weighted  average 
of  the  current  and  past  2  years,  the  weights  being  2  for  the 
current  year,  2  for  the  previous  year,  and  1  for  the  second  previ- 
ous year.  The  exponential  form  of  the  equation  was  first  used, 
but  this  was  modified  by  substituting  for  the  time  trend  factor 
an  exponential  with  an  additive  constant. 

The  data. — The  following  table  gives  the  data  used  in  the 
analyses  for  the  years  of  the  period  1921-32: 


Year 

Telephone  out- 
put index  < 
(1920=100) 

Consumer  in- 
come, weighted 
average  of  cur- 
rent and  past  2 
years  (billions 
on936  dollars)' 

1921...'. 

107.2 
118.6 
128.0 
135.0 
143.7 
153.3 
161.2 
171.3 
185.0 
181.8 
174.5 
156.3 
145.4 
150.0 
'156.4 
>  169.  5 

45.0 

1922              

45.8 

1923 

49,9 

1924 

53.8 

1925 

55.9 

192«'j        

57.2 

1927                

58.3 

1928 

60.1 

1929 

62.8 

1930 

62.7 

1931 

59.0 

1932 

52.6 

1933 

48.9 

1934 

60.2 

1935 

54.0 

1936                       

55.1 

'  National  Bureau  of  Economic  Research  Bulletin  59,  p.  24,  as  presented  in  Tec*  no- 
loskat  Trends  (National  Resources  Committee)  p.  77.  Data  are  a  weighted  average 
of  exchange  and  toll  connections. 

'  Computed  from  data  in  table  I  of  this  Appendix;  current  year  consumer  income 
weighted  by  2,  previous  year  weighted  by  2,  and  the  second  previous  year  weighted 
by  1. 

'Extrapolated  by 'National  Resources  Committee  index  computed  from  Federal 
CommuDications  Commission  data,  1926-36;  average  of  2  extrapolations. 

The  formula. — The  formula  obtained  by  using  the  data  for  the 
period  of  the  years  1921-32  is  as  follows: 

Calculated  telephone  output  = 

(1920=100) 

2.814{  1.158- 0.1 138  (O.S948)''"'-"2«}  X 

(weighted  consumer  income)'"*'* 
(Billions  of  1936  dollars) 

The  average  residual  for  the  period  1921-32  is  1.9  percent 
with  the  maximum  of  —4.7  percent  occurring  in  1924. 

The  average  residual  for  the  extrapolated  period,  1933-36 
is  1.4  percent,  with  the  maximum  of  —3.8  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  97.5  percent. 

Summary  No.  6a 
Telegraph — Manpower 

Method  used. — Employment  is  related  to  the  operating  reve- 
nues of  the  current  and  previous  years  and  a  time  trend.  An 
exponential  relationship  was  first  fitted  to  the  data  for  1920-32, 
and  a  free-hand  curve  was  later  substituted  for  the  logarithmic 
form  (ignoring  1920).  A  formula  was  then  fitted  to  this  curve 
by  the  selected  point  method. 

The  data.- — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Employment  i 
(thousands) 

Operating  revenues  in  millions 
of  current  dollars  • 

Current  year 

Previous  year 

1920— - 

1921 

76.9 
72.9 
69.  S 
73.9 
76.4 
81.6 
85.7 
83.4 
85.6 
96.2 
94.1 
81.1 
68.3 
65.5 
71.8 
69.8 
74.1 

141.1 
124.9 
127.8 
134.4 
136.1 
152.9 
161.1 
158.9 
165.0 
175.6 
158.9 
134.8 
104.4 
103.0 
108.2 

122.1 
141.1 

1922            

124.9 

1923 

127.8 

1924 

134.4 

1925 

136.1 

1926 - 

152.9 

1927            

161.1 

1928                                                  -  — . 

158.9 

1929 

165.0 

1930 

175.6 

1931 

158.9 

1932 

134.8 

1933                                                  

1M.4 

1934 

103.0 

1935 

112.0                         106.2 

1936 

122.1                          112.0 

>  1920-28,  unpublished  data  of  the  National  Bureau  of  Economic  Re.'iearch  adjusted 
to  Department  of  Commerce  data;  1929-36,  Department  of  Commerce.  Bureau  of 
Foreign  and  Domestic  Commerce. 

»  Federal  Communications  Commission,  unpublished  data.  Includes  only  the 
operations  of  Western  Cnion  and  Postal  Telegraph. 
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The  formula. — The  following  formula  was  derived  from  the 
data  for  the  period  1921-32: 

Calculated  employment=  {55.82+5.455X 

(Thousands) 

(1.1094)>«*^""} (operating  revenues  current  ycar)''""X 
noo  millions  of  dollars) 

(operating  revenues  previous  year)""™ 
(100  millions  of  dollars) 

The  average  residual  for  the  years  covered  in  the  analysis, 
1921-32,  is  2.1  percent,  with  the  maximum  of  —4.0  percent 
occurring  in  1927. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
2.7  percent,  with  the  maximum  of  5.4  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  98  percent. 


Summary  No.  6b 
Telegraph — Consumption 

Method  used. — Telegraph  output  is  related  to  the  consumer 
income,  an  average  of  the  real  cost  per  message  for  the  current 
and  previous  year,  and  a  time  trend.  An  exponential  relation- 
ship was  fitted  to  the  data  for  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analvsis: 


Consumption  and  related  factors 


Year 

Output  1  (mil- 
lion messages) 

Consumer  in- 
come* (billions 
of  1936  dollars) 

Real  cost  per 
message:  Aver- 
age current  and 
previous  year  > 
(1936  cents) 

1919                              

163.2 
187.8 
173.6 
166.2 
191.0 
189.6 
206.3 
221.6 
220.1 
229.3 
239.8 
217.2 
189.3 
147.6 
148.5 
160.4 
169.8 
187.3 

46.6 
47.0 
42.3 
48.  S 
54.8 
55.4 
57.0 
58.3 
58.9 
62.2 
65.3 
60.4 
54.6 
46.7 
48.2 
54.0 
56.9 
63.9 

60.8 

1920       

56.8 

1921                                  

54.6 

1922       

60.6 

1923                               

61.4 

1924        

58.5 

1925                                 

59.3 

1926     

58.7 

1927                                     

58.0 

I92S     

58.6 

1929                                 

60.1 

1930     

60.8 

1931                              

63.4 

1932         

68.8 

1933                              

73.4 

1934     

72.6 

1935                          

68.8 

1936 

66.2 

>  Federal  Communications  Commission,  unpublished  data.  A  revised  series  on 
messages  available  only  for  1926-36  was  extended  back  to  1919  by  splicing  at  1926  a 
cruder  series  on  number  of  messages,  from  the  same  source.  Data  include  Western 
Union  and  Postal  Telegraph  only. 

2  See  table  Inf  this  Appendix. 

'  Based  upon  unpublished  data  from  Federal  Communications  Commission.  Cash 
per  message  obtained  by  dividing  operating  revenues  by  number  of  messages.  This 
series  was  then  deflated  by  the  Bureau  of  Labor  Statistics  cost  of  living  index  and  an 
average  of  current  and  previous  year  taken. 

The  formula.- — The  following  formula  was  obtained  from  the 
data  for  the  years  1919-32: 

Calculated  output=  1.5357  (1.006)^«"-'»"X 
(Billion  messages) 

(consumer  income) ''■"'^(real  cost  per  message,  2-year  average)-''"" 
(Billions  of  1936  dollars)  (1936  cents) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1919-32,  is  1.9  percent,  with  a  maximum  of  —7.3  percent  occur- 
ring in  1924. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
5.9  percent,  with  a  maximum  of  —  11.0  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  95  percent. 


Summary  No.  7a 

Electric  Power  and  Light — 

Manpower 

Method  vsed.-^Thc  factors  which  were  related  to  man-hours 
are  production  in  kilowatt-hours  and  a  time  trend.  The  average 
of  the  current  year  and  previous  year's  production  is  used,  since 
it  is  believed  that  the  change  in  employment  does  not  respond 
immediately  to  a  change  in  production  but  rather  to  a  trend  in 
the  change  in  production.  A  different  relationship  seems  to  hold 
for  the  years  previous  to  1923.  For  the  purposes  of  this  analysis, 
only  data  for  the  years  after  1922  were  considered. 

The  data. — The  following  tables  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours ' 
(millions) 

Production  ' 
(billions  of  kilo- 
watt-hours) 

1923                               

8.90 
9.62 
9.96 
11.03 
11.74 
12.78 
13.97 
14.44 
13.46 
10.87 
9.83 
10.07 
9.96 
10.65 

51.7 

1924 

57.4 

1925                                                    

62.4 

1926 

69.8 

1927                           

77.0 

1928 - 

84.0 

1929          .             

92.6 

1930 

96.6 

1931 

93.8 

1932                                                                     .... 

87.4 

1933     

84.2 

1934 

88.3 

1935 

95.3 

1936 

106.4 

1  Computed  by  multiplying  employment  by  average  hours  per  week.  Employ- 
ment from  National  Bureau  of  Economic  Kescarch  unpublished  data,  1923-28;  1929-36 
from  Department  of  Commerce,  Bureau  of  Foreign  and  Domestic  Commerce,  average 
hours  per  week  from  National  Industrial  Conference  Board,  Wages  and  1  fours  in  ttie 
United  States,  1914-3G,  p.  162;  1924  data  interpolated  by  straight  line. 

>  Computed  from  data  published  in  Survey  of  Current  Business  U.  S.  Department 
of  Commerce).  1936  Annual  Supplement  and  recent  monthly  issties.  Compiled  by 
U.  S.  Department  of  Interior,  (leological  Survey  (after  May  1936,  by  the  J'ederal 
Power  Commission).  Data  are  the  average  of  current  year's  and  preceding  year's 
production. 

The  forrnvla. — The  following  formula  was  derived  by  using 
the  data  for  the  years  of  the  period  1923-32: 

Calculated  man-hours  = 
(Millions) 

0.03672{-O.C90 -I- 1.6934  (0.9701)""-'»2M  X 

(production  average  current  and  previous  year)'-'"° 
(Billions  of  kilowatt-hours) 

The  average  residual  for  the  period  1923-32  is  2.1  percent,  with 
the  maximum  of  5.9  percent  occurring  in  1931. 

The  man-hours  for  the  years  1933-36  were  extrapolated  from 
the  formula.  The  average  residual  for  these  4  years  is  2.4  per- 
cent, with  the  maximum  of  —3.4  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  7b 

Electric  Power — Consumption 

Method  wsfd.— The  factors  which  are  related  to  the  consump- 
tion of  electric  power  are  consumer  income,  industrial  production, 
and  a  time  trend.  Industrial  production  is  related  to  that  part 
of  the  electric  power  consumed  by  industrial  users;  the  consumer 
income  is  related  to  that  part  of  the  electric  power  consumed  for 
domestic  and  commercial  purposes.  The  consumer  income  of  the 
previous  year  also  appears  to  have  some  influence  on  the  con- 
sumption of  electric  power;  thus,  an  average  of  consumer  income 
of  the  current  year  and  the  previous  year  was  one  of  the  factors 
used.  The  graphical  analysis  indicated  that  a  linear  formula 
gave  a.much  better  fit  than  the  exponential  formula. 
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The  data. — The  data  used  in  the  analysis  are  as  follows: 
Consumption  and  related  factors 


Year 

Coasumption ' 
(billions  kilo- 
watt-hours) 

Industrial  pro- 
duction ' (1923- 
25=100) 

Consumer  in- 
come, average  of 

current  and 
previous  year ' 

(billions  1936 
dollars) 

1920 

43.6 
41.0 
47.7 
55.7 
69.0 
65.9 
73.8 
80.2 
87.9 
97.4 
95.9 
91.7 
83.1 
85.4 
91.2 
99.4 
113.5 

87 
67 
85 
101 
95 
104 
108 
106 
111 
119 
96 
81 
64 
76 
79 
70 
105 

46.8 

1921             

44.6 

1922 

45.6 

1923              

51.8 

1924             

65.1 

1925                                

56.2 

1926 

57.6 

1927                                   

58.0 

1928 

60.6 

1929               

63.8 

1930                       

62.8 

1931            

67.5 

1932                   

50.6 

1933 

1934 

1935 

1936  

47.4 
51.1 
55.4 
60.4 

1  Survey  of  Current  Busine,ss  (V.  S.  Department  of  Commerce,  Bureim  of  Foreign 
and  Domestic  Commerce),  1936  Supplement,  p.  S.").  This  is  annuiU  production  of 
electric  power  compiled  by  tlie  United  States  Department  of  the  Interior,  tleological 
Survey  (after  May  1930  by  the  Federal  Power  Commission). 

*  Federal  Ueservc  Board.    See  tattle  1  of  this  Appendix. 

'  Based  on  data  in  table  I  of  this  .\ppendix. 

The  formula. — The  following  formula  based  on  the  data  for 
the  period  of  the  years  1920-32  was  derived: 

Calculated  consumption  = 
(Billions  kilow:itt-bours) 

1.81-f3.558    (vear- 1926) -(-0.09258   (industrial    production) -|- 

(1923-25=100) 

1.1047  (average  of  consumer  income) 
(Current  and  previous  year) 

The  average  residual  for  tlic  years  of  the  period  1920-32  is 
3.6  percent;  the  maximum,  8.5  percent,  occurs  in  1920. 

The  average  residual  for  the  extrapolated  period  1933-36  is 
2.0  percent;  the  maximum,  —3.9  percent,  occurs  in  1935. 

The  amount  of  variation  explained  is  97.5  percent. 

Summary  No.  8a 
Manufactured  Gas — Manpower 

Method  iiscd. — Employment  in  manufactured  gas  was  related 
directly  to  consumer  income  and  a  time  trend  by  using  linear 
multiplicative  factors.  The  character  of  tlic  relationship  appears 
to  have  altered  radically  since  1928  due  to  the  fact  that  natural 
gas  has  been  increasing  in  use.  The  analysis  was  therefore 
considered  for  the  years  1929-34.  The  1933  and  1934  data  were 
included  because  of  the  small  luimljer  of  observations. 

The  data. — -The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(thousands) 

Consumer  in- 
come* (billions 
1936  dollars) 

1929 

64.6 
69.6 
53.4 
44.8 
47.5 
50.5 
61.0 
54.3 

66  3 

1930 

60  4 

1931 

1932 

46  7 

1933     

48  2 

1934 

54  0 

1935.                                                                                 

1936. 

56.9 
63.6 

The  formula. — The  formula  derived  for  the  years  of  the  period 
1929-34  was: 

Calculated  employment  = 

(Thousands) 

{1.066-0.0209  (year- 1929)}  1 6.4-1-0.833  (consumer  income)  | 

(Billions  of  1930  dollars) 

The  average  residual  for  the  period  1929-34  is  1.8  percent, 
with  the  maximum  of  3.9  percent  occurring  in  1933. 

The  average  residual  for  tlie  extrapolated  years  is  1.0  percent, 
with  tlie  maximum  of  1.0  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  95  i)ercent. 

Summary  No.  9a 
Railroad  Transportation — 
Manpower 

Method  used. — Man-hours  was  expressed  by  a  linear  relation 
involving  freight  traffic  (revenue  and  nonrevenue  net  ton-miles), 
passenger  traffic  (revenue  passenger-miles),  and  a  time  trend 
using  the  data  for  the  years  1919-32.  Analysis  of  employment 
classifications  indicated  that  as  much  manpower  was  absorbed 
for  every  passenger-mile  as  for  every  5  ton-miles,  and  these  two 
factors  were  therefore  combined  in  these  proportions. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employee-hours 
(millions) 

Net  ton-miles, 

revenue  and 

nonrevenue 

(billions) 

Revenue  pas- 
senger-miles 
(biUions) 

1919                              _ 

5.030 
5.450 
4,150 
4,310 
4,930 
4,530 
4,530 
4,670 
4,520 
4,310 
4,350 
3,760 
3,040 
2,380 
2,230 
2.390 
2,400 
2,680 

395 
449 
346 
376 
458 
430 
466 
489 
475 
477 
492 
422 
340 
259 
275 
296 
312 
373 

46.4 

1920 

46.8 

1921 

37.3 

1922              — 

35.5 

1923  

38.0 

1924              .     

36.1 

1925  

36.0 

1926          

35.6 

1927 

33.6 

1928. 

31.6 

1929   

31.1 

193(1                            

28.8 

1931                         

21.9 

1932                              

17.0 

1933 

16.3 

1934             

18.0 

1935                             

18.5 

19.36   

22.4 

'  Total  equivalent  full  time  employed.  Bureau  of  Foreign  and  Domestic  Com- 
merce, Department  of  Commerce. 
'  See  table  I  of  this  Appendix. 


Source:  Stalislia  of  Railicays  in  the  United  State)  (Interstate  Commerce  Commis- 
sion), for  the  respective  years. 

The  formula. — The  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  of  the  period  1919-32: 

Calculated  employee-hours  = 

(10  millions) 

69.7-7.75  (vear- 1926)4-0.60322  (net  ton-miles) -f- 

(Billions) 

3.0161  (revenue  passenger-miles) 

(Billions) 

The  average  residual  for  the  period  1919-32  is  1.3  percent, 
with  the  maximum  residual  of  —3.3  percent  for  the  year  1921. 

The  average  residual  for  the  years  of  the  extrapolated  period 
1933-36  is  2.9  percent,  with  the  maximum  of  —6.0  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  99.5  percent. 
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Summary  No.  9b 
Railroad  Transportation — 
Passenger  Traffic 

Method  used. — Tho  three  principal  factors  which  were  related 
to  the  passenger-miles  output  of  railroads  are:  (1)  Consumer 
income,  (2)  real  passenger  rates,  and  (3)  a  time  trend.  Fairly 
good  relationships  were  obtained  between  noncommuting  traffic 
and  these  three  factors  and  between  commuting  traffic  and  the 
three  factors.  However,  it  was  decided  to  obtain  a  relationship 
involving  total  revenue  passenger  traffic.  Total  revenue  pas- 
senger-miles was  related  to  consumer  income,  passenger  revenue 
per  passenger-mile  deflated  by  the  cost  of  living  index  and  a 
time  trend. 

The  data. — The  following  tabic  gives  the  data  employed  in 
the  analysis: 

Passenger  traffic  and  related  factors 


Year 

Revenue  pas- 

senger-miles  ' 

(billions) 

Consumer  in- 
come,' (billions 
1936  dollars) 

Revenue  per 
passenger-mile' 
(in  1936  cents) 

1920 

46.8 
37.3 
35.5 
3S.0 
36.1 
35.9 
35.  S 
33.6 
31.6 
31.1 
26.8 
21.9 
17  0 
16.3 
18.0 
18.6 

47.0 
42.3 
.48.8 
54.8 
55.4 
57.0 
58.3 
58.9 
62.2 
65.3 
60.4 
54.6 
46.7 
48.2 
64.0 
66.9 

1.933 

1921 

2.420 

1922 

2.660 

1923- 

2.488 

1924    .                                

2.451 

1925 

2.362 

I92fi 

2.334 

1927 

2.330 

1928 

2.338 

1929 

2.  311 

1930.  _ 

2.283 

1931 

2.312 

1932 

2.257 

1933         

2. 174 

1934 

2.000 

1935                     ...     . 

1.965 

'  statistics  of  Railways  in  the  United  States  (Interstate  Commerce  Commission),  for 
the  respective  years. 

'  See  table  T  of  this  Appendix. 

s  Computed.  Interstate  Commerce  Commission  data  deflated  by  the  Bureau  of 
Labor  Statistics  cost  of  living  index  (1936  =  100). 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1920-32: 

Calculated  revenue  passenger-miles  = 
(BUlions) 


0.6775  (0.9264)  y 


'92«X    (consumer  income)  i-o"sx 
(Billion^  of  1936  dollars) 

0.5221 


(revenue  per  passenger-mile) 

(In  1936  cents) 

The  average  residual  for  the  period  1920-32  is  2.2  percent, 
with  the  maximum  of  6.6  percent  occurring  in  1921. 

The  extrapolated  values  for  the  years  1933,  1934,  and  1935  are 
very  close — the  average  residual  for  those  3  yc^rs  is  2.6  percent, 
with  the  maximum  of  —4.1  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  .9c 

Railroad  Transportation — • 

Freight  Traffic 

Method  jised. — Freight  traffic,  represented  by  revenue  ton- 
miles,  was  first  expressed  by  an  exponential  equation  involving 
a  time  trend  and  the  Federal  Reserve  Board's  index  of  total 
industrial  production.  Consideration  of  the  period  between 
primary  processing  activities  and  sliipment  of  finished  goods 
suggested  that  the  relationship  could  be  improved  by  lagging 


the  index  of  industrial  production  by  a  few  months.  The  most 
satisfactory  results  were  obtained  when  the  index  of  industrial 
production  for  the  year  ended  September  was  used.  The  equa- 
tion was  derived  from  the  data  for  the  years  1920-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Freight  traffic  and  related  factors 


Year 

Freight  traffic 

net  revenue 

ton-miles ' 

(billions) 

Industrial 

production 

year  ending 

September  > 

(I923-2.'')=100) 

1920                                    

410 
307 
339 
413 
388 
414 
444 
429 
433 
447 
383 
309 
234 
249 
269 
282 
339 

89 

1921  

69 

1922                                         

79 

1923 

101 

1924                                   .  

94 

1926 ; 

102 

1926 

107 

1927 

108 

1928                                  

107 

1929 - - 

120 

1930 

102 

1931 

84 

1932          

66 

1933 

74 

1934                                      

79 

1935    

85 

1936                                  

101 

'  statistics  of  Itttilwaiis  in  llie  United  States  (Interstate  Commerce  Commission)  for 
the  respective  years. 
'  Federal  Reserve  Bulletins. 

The  fornnda. — The  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  of  the  period  1920-32: 

Calculated  freight  traffic  =  3.769  (0.9804) ""-"^'X 

(Billions  net  ton-miles) 

(industrial  production,  year  ended  September)  '■'"" 

(1923-26  =  100) 

The  average  residual  for  the  period  1920-32  is  1.6  percent,  with 
the  maximum  of  4.3  percent  occurring  in  1928. 

The  extrapolated  values  for  the  years  1933-36  are  very  close — 
the  average  residual  for  these  4  years  is  2.2  percent,  with  the 
maximum  of  —4.2  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  9d 
Railroad  Transportation — ■ 
Fuel  Consumption 

Method  used. — The  relationship  between  fuel  consumed  and 
passenger  traffic,  freight  traffic,  and  a  time  trend  was  first  ex- 
pressed by  a  linear  equation.  The  constants  were  determined 
by  least  squares  using  the  data  for  the  years  1920-32.  Due  to 
the  high  intercorrelation  which  exists  among  the  factors,  the 
coefficient  of  the  passenger  traffic  factor  was  negative.  It  was 
therefore  necessary  to  get  a  series  which  would  be  a  combination 
of  freight  and  passenger  traffic.  These  two  services  consumed 
fuel  in  about  the  ratio  of  1  to  4.5  respectively  and  this  ratio  was 
used  to  combine  the  two  series.  The  constants  were  then  deter- 
mined from  a  linear  equation  giving  fuel  consumption  in  terms  of  a 
time  trend  and  the  ecjuated  net  ton-miles  series  using  the  data  for 
the  years  1920-32.  The  calculated  fuel  consumption  for  the  4 
years  1933-36  was  derived  from  this  equation. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Fuel  consumption  and  related  factors 


Year 

Fuel  coDsump- 

tion  (million 

net  tons) 

Net  ton-miles 

revenue  and 

nonrevcnue 

(billions) 

Revenue  pas- 

sencer-mlles 

(billions) 

1920            

151 
121 
127 
149 
136 
135 
140 
133 
130 
132 
114 
95 
78 
77 
83 
84 
98 

449 

345 
376 
458 
430 
456 
489 
475 
477 
492 
422 
340 
259 
275 
298 
312 
373 

46.8 

1921 _ 

1922 

37.3 
35.6 

1923 

38.0 

1924 

36.1 

1925 

36.0 

1926 - 

35.8 

1927          .  .. 

33  6 

1928 

31.6 

1929          

31  1 

1930 

26.8 

1931           

21  9 

1932 

17.0 

1933 

16  3 

1934 

18.0 

1935  

18  5 

1936 

22.4 

Source:  Stalutica  of  RaUicat/a  in  Ihe  United  Slat/s  (Interstate  Commerce  Commis- 
sion) for  the  respective  years. 

The  formula. — The  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  of  the  period  1920-32: 


Calculated  fuel  consumed  = 
(Millions  net  tons) 


=  28.0-1.66  (year-1926)  + 


0.1728  (net  ton-miles) -f  0.7774  (revenue  passenger-miles) 
(BUlions)  (Billions) 

The  average  residual  for  the  period  1920-32  is  1.4  percent,  with 
the  maximum  of  4.9  percent  occurring  in  1923. 

The  extrapolated  values  for  the  years  1933-36  are  very  close; 
the  average  residual  for  these  4  years  is  3.2  percent,  the  maximum 
of  3.9  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  99.2  percent. 

Summary  No.  10a 
Auto  Transportation — 
Manpower 

Method  Kserf.— Employment  in  transportation  by  busses  and 
trucks  was  related  directly  to  an  average  of  the  consumer  income 
for  the  current  and  the  previous  year  and  a  time  trend.  An 
exponential  relationship  was  fitted  to  the  data  for  the  years 
1926-32. 

Data  used. — The  following  table  gives  the  data  used  in  the 
analysis: 

Man-power  and  related  factors 


Year 

Employment  i 
(thousand.^) 

Consumer  in- 
come, 2-year 
aveiage  >  (bil- 
lions of  1936 
dollars) 

1926 

630 
659 
695 
741 
749 
722 
677 
667 
70« 
755 

1927 

•■iS-e 

192S 

1939 

63.8 
62.8 
67.5 
50.6 

1930 

1931 

1932 .      . 

1933 

1934 

51.1 

1935 

I  1929-35.  Department  of  Commerce.  Bureau  of  Foreicn  and  Domestic  Commerce. 
1926-28  are  the  stmi  of  separate  estimates  for  persons  engaged  on  busses  and  on  trucks. 
Trucking  employment  for  lit2r)-21i  wa.';  estimated  by  using  the  number  of  employees 
per  inteicity  truck  observed  in  a  flel.i  study  as  reported  in  Moior  Truck  Trajisportaiion, 
and  applying  this  ratio  to  the  estimated  number  of  trucks  in  the  segment.  This 
number  of  trucks  was  estimated  by  applying  to  total  registrations  the  ratio  of  trucks 
in  the  segment  to  total  registrations  for  the  period  1933-35  as  estimated  from  data  in 
Motor  Truck  Transportation.  This  series  was  spliced  to  1  derived  from  Department 
of  Commerce  figures  at  1929. 

Emploj'ment  on  bus  transportation:  The  niunber  of  persons  engaged  was  obtained 


The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  years  1926-32: 

Calculated  employment  =  35.46  (1.0274)  yeT-i»2»x 

(Thousands) 

(consumer  income  average  current  and  previous  vear)  '■•mm 
(Billions  1936  dollars) 

The  average  residual  for  the  years  covered  in  the  analysis, 
1926-32,  is  0.2  percent,  with  the  maximum  of  0.4  percent 
occurring  in  1928. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
1.9  percent,  with  the  maximum  of  —3.8  percent  occurring  in 
1935. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  11a 

Transportation  Other  Than  Auto  and 

Railroad — Manpower 

Method  used. — The  factors  which  were  related  to  manpower 
were  consumer  income  and  a  time  trend.  An  exponential  form 
was  first  used  but  this  was  revised  to  a  form  in  which  the  con- 
sumer income  relationship  was  linear  and  the  time  trend  rela- 
tionship was  of  an  exponential  type  with  an  additive  constant. 

The  data. — The  following  table  gives  the  data  used  in  the 
analj'sis  for  the  years  of  the  period  1920-32: 

Manpower  and  related  factors 


Year 

Emploj-ment ' 
(thousands) 

Consumer  in- 
come "  (billions 
1936  dollars) 

1920  ---. 

712 
627 
658 
661 
642 
621 
630 
612 
598 
590 
657 
494 
435 
419 
441 
447 
470 

47  0 

1921 

42  3 

1922 

48.8 

1923     - 

54  8 

1924 

55.4 

1925 

57.0 

1926 

SS.3 

1927 

58  9 

1928 - 

62.2 

1929 

65.3 

1930            .                     

60  4 

1931 

54.6 

1932        

48  7 

1933  - 

48.2 

1934      

54  0 

1935 - 

56.9 

1936 

63.9 

1  Data  for  I920-2S,  National  Bureau  of  Economic  Research  unpublished  data 
adjusted  to  Department  of  Commerce  data;  data  for  1929-36,  Department  of  Com- 
merce. Bureau  of  Foreign  and  Domestic  Commerce. 

>  See  table  I  of  this  Appendix. 

The  formula. — The  formula  obtained  by  using  the  data  for 
the  period  of  the  years  1920-32  is  as  follows: 

Calculated  employment  =  [0.4473-l-0.6648X 
(Thousands) 

(0.9387)  ye«r-i«2«]  [(5.714  (consumer  income) -f  216)] 
(Billions  1936  dollars) 

The  average  residual  for  the  period  1920-32  is  1.4  percent, 
with  the  maximum  of  3.2  percent  occurring  in  1920  and  1927. 

The  average  residual  for  the  extrapolated  period,  1933-36, 
is  1.3  percent,  with  the  maximum  of  —2.8  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  90  percent. 


by  a  rough  adjustment  of  the  number  of  employees  to  include  other  persons  engaged. 
The  numtier  of  employees  was  estimated  from  the  number  of  busses  by  using  the  ratio 
of  emplo\'ment  to  busses  in  public  carrier  operations  as  given  in  lias  Facts  for  19S7 
for  1931-36:  for  19i5-30  a  series  on  the  numlier  of  revenue  busses  was  inflated  by  the 
ratio  prevailing  in  1931.  The  number  of  revenue  busses  was  obtained  by  dividing 
(he  amount  of  special  bus  taxes  by  the  tax  per  bus  as  given  in  Auia  Facta  and  Figuro. 
'  Data  from  table  I  of  this  Appendix;  average  of  current  and  previous  year. 
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Summary  No.  101a 

Butter,  Cheese,  Condensed  Milk, 

and  Ice  Cream — Manpower 

Method  used. —  Man-hours  was  related  to  an  index  of  produc- 
tion and  a  time  trend.  A  modified  exponential  relationship  was 
fitted  to  the  data  for  the  years  1921-32. 

The  data. — The  following  table  gives  the  data  used  in  the  final 
analysis: 

Manpower  and  related  factors 


Consumption  and  related  factors 


Year 

Man-liours 

per  week  ' 

(ten  thousands) 

Production  ' 
(1929  =  100) 

1921      

288 
302 
315 
306 
287 
292 
296 
294 
289 
266 
227 
205 
194 
211 
223 

67.1 

1922                               ..    

74.4 

1923 - 

80.4 

1924          

82.0 

1925 - 

87.3 

1926                 .            

89.7 

1927 - 

93.4 

1928        

93.2 

1929    ■                                                           .  . 

100.0 

1930 

96.9 

1931 

91.8 

1932 

80.8 

1933 _.. 

79.4 

1934          

85.3 

1935 

89.5 

^  Average  liours  per  week  for  the  ice  cream  industry  were  obtained  from  unpublished 
fifiures  given  in  a  preliminary  report  on  Produdiiity  in  the  Ice  Cream  Industry.  Aver- 
age hours  per  weelc  for  the  remainder  of  the  segment  for  1929  were  estimated  from 
census  data  on  prevailing  hours  and  for  the  other  years  from  the  average  hours  per 
week  for  ice  cream  on  the  basis  of  the  ratio  prevailing  in  1929.  .\n  average  for  the  en- 
tire segment  \\  as  then  obtained  weighted  on  the  basis  of  1929  employment.  Employ- 
ment was  obtained  from  the  Census  for  odd  years.  For  1926, 1928,  and  1930  Bureau  of 
Labor  .Statistics'  employment  indexes  for  ice  cream  were  used  as  an  interpolating 
medium  to  obtain  employment  for  the  rest  of  the  segment.  For  1924,  1932,  1934,  and 
1936  Bureau  of  Labor  Statistics  figures  were  used.  The  employment  for  the  years 
1920  and  1922  was  obtained  by  linear  interpolation.  The  index  of  man-hours  was 
then  obtaine<i  by  multiplying  employment  by  average  hours  per  week. 

'  See  summary  101b,  footnote  1. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1921-32: 

Calculated  man-hours  ■= 

(Thousands) 

44.06  (0.9532)>"'-i«26  (production)'''^^^ 

(1929=100) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1921-32,  is  2.1  percent,  with  a  maximum  of  5.4  percent  in  1928. 

Man-hours  for  the  years  1933  to  1935  were  calculated  from  the 
formula.  The  average  residual  for  the  3  years  was  9.0  percent, 
with  a  maximum  of  15.5  percent  in  1935. 

The  amount  of  variation  explained  is  93  percent. 

The  employment  given  in  table  II  of  the  text  was  calculated 
from  the  following  formula,  using  all  of  the  data  for  the  years  of 
the  period  1921-35; 

Calculated  man-hours  = 

(Thousands) 

72.86   (0.960 1)«« '-"26  (production)"-*^" 

(1929  =  100) 

Summary  No.  101b 

Butter,  Cheese,  Condensed  Milk, 

and  Ice  Cream — Consumption 

Method  used. — It  appears  that  the  consumption  of  dairy  prod- 
ucts and  ice  cream  is  related  to  the  consumer  income  of  this 
year  as  well  as  the  level  of  the  income  of  the  previous  year. 
The  graphical  method  indicated  that  a  simple  average  of  the 
current  year  and  previous  year's  consumer  income  gave  the 
closest  relationship.  This  factor  and  the  time  trend  were  there- 
fore employed. 

The  data. — The  following  table  gives  the  data  used  in  making 
the  analj'sis: 


Year 

Consumption  ' 
(1929=100) 

Consumer  in- 
come, average  of 
current  year 
and  previous 
year  '  (billions 
of  1936 
dollars) 

1921                                                    

67.1 
74.4 
80.4 
82.0 
87.3 
89.7 
93.4 
93.2 
lOO.O 
96.9 
91.8 
80.8 
79.4 
85.3 
89.6 

44.6 

1922 - 

45.6 

1923 - 

61.8 

1924  

55.1 

1925                                                        

66.2 

1926     ..' 

.■^7.6 

1927 

68.6 

1928    

60.6 

1929 

63.8 

1930                               -             

62.8 

1931  

67.5 

1932                               .             

60.6 

1933     

47.4 

1934                                                

61.1 

1935.... 

66.4 

1  Ice  cream  production  from  Produdirity  Report  tif  the  National  Research  Project 
(preliminary).  Butter,  cheese,  and  condensed  milk  production  based  on  Census  of 
Manufacturers  biannual  data,  interpolated  by  the  apparent  eonsumjition  of  butter 
and  cheese  as  given  in  the  Surrey  of  Current  Husimss,  1936  supplement,  p.  89.  Ice 
cream  production  was  weighted  by  1  and  dairy  products  by  1.19.  the  latter  being 
based  on  averages  of  ratios  of  value  added  of  butter  and  products  to  value  a<lded  of  ice 
cream  for  census  years.    Consumption  is  taken  to  be  the  same  as  production. 

3  See  table  I  of  this  .\ppendix. 

The  forimda. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1921-32. 

Calculated  consumption  =  2.375  (1.004)J"''"-'»28X 

(1929  =  100) 

(consumer  income,  average  of  current  and  previous  vear)"-'"' 
(Billions  of  1936  dollars) 

The  average  residual  for  the  years  1921-32  is  1.7  percent,  with 
the  maximum  of  4.6  percent  occurring  in  1922. 

The  average  residual  for  the  extrapolated  period,  1933-35  is 
1.9  percent,  with  the  maximum  of  2.S  occurring  in  1934. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  102a 

Meat  Packing — Manpower 

Method  used. — Man-hours  are  related  to  production  and  a  time 
trend  for  the  years  of  the  period  1922-32. 

The  data.^The  following  table  gives  the  data  u.sed  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ' 
(1929=100) 

Production  ' 
(1929=100) 

124.0 
110.7 
90.  S 
92.1 
106.4 
101.4 
96.2 
94.9 
96.4 
98.0 
100.0 
94.1 
84.2 
76.1 
79.7 
90.9 
75.5 

93.2 

1920           

83.1 

1921                                           _ 

82.0 

1922                    

89.4 

1923                                                

101.3 

1924                   

103.4 

1926           

96.6 

98.7 

1927            

98.7 

1928 --- 

101.0 

1929 

100.0 

1930                                                  

94.8 

95.5 

1932                                                      

88.6 

1933 

91.0 

1934        

97.6 

1935                          

82.0 

1  Produdicity  in  the  Slaughtering  and  Meat  Packing  Industry  (unpublished  report  of 
the  National  Research  Project  of  the  Works  Progress  Administration),  p.  8.  Based 
upon  Bureau  of  Labor  Statistics  index  of  employment  adjusted  to  1935  census,  and 
average  hours  data  from  National  Industrial  Conference  Board,  1920-31,  and  Bureau 
of  Labor  Statistics,  1932-35. 

>  Op.  cit.,  based  upon  census  data  for  production  and  Department  of  Agriculture 
data  for  "total  dressed  weight  of  animals  slaughtered." 
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The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1922-32: 


Manpower  and  related  factors 


Calculated  man-hours  = 

(1929=100) 


=0.3086  (COSBQ?)" 


-'»2«  (production) '-'"J 

(1929=100) 


The  average  residual  for  the  years  of  the  period  1922-32  is 
2.6  percent,  with  the  maximum  of  6.8  percent  occurring  in  1930. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  5.1  percent  with  the  maximum  of  9.4  percent  occur- 
ring in  1935. 

The  amount  of  variation  explained  is  83  percent. 

Summary  No.  102b 

Meat  Packing — Consumption 

Method  used. — The  factors  related  to  the  consumption  of  meat 
products  were  real  price  of  meat  products  and  nonagricultural 
consumer  income. 

The  data. — The  following  table  gives  the  data  used  in  the  final 
analysis: 

Consumption  and  related  factors 


Year 

Meat  products 
consumption 
monthly  aver- 
age (millions 
of  pounds ■ 

Index  real 
price  of  meat ' 

Nonagricul- 
tural consumer 
income 
(1929=100)  > 

1921 

852 
929 
1,063 
1.079 
1,025 
1.0,14 
1,047 

i,or.5 

l,n.'>8 
1,029 
1,043 
1,029 
1,082 
1,077 
909 

76.9 
80.0 
77.5 
76.2 
91.4 
97.5 
92.4 
108.2 
110.8 
103.8 
87.9 
76.0 
67.9 
80.4 
116.3 

64.6 

1922                                           

72.3 

1923 

81.1 

1924 

84.0 

1925         

87.2 

1936 

90.0 

1927                   

92.3 

1928 

96.4 

1929 

100.0 

1930 

9.5.3 

1931         

88  9 

1932 

77.4 

1933                     

77  0 

1934 

83  3 

1935                            

86  8 

•  Consumption:  Apparent  consumption  according  to  Russell  as  given  in  the  Sur- 
vey of  Current  Business,  1936  supplement. 

3  Bureau  of  Labor  Statistics  index  of  moat  prices  (1926=100)  deflated  by  Bureau  of 
Labor  Stntistics  cost  of  livinR  index  (1936=100). 

'  Nonacriculturn!  consumer  income:  Index  of  nonagricultural  income  as  given  on 
p.  25  of  Koniipricultiinil  IiuHjnie  .\s  a  Mea.sure  of  Demand,  Ajiricultural  Adjustment 
Administralicin.  dcllnled  by  the  cost  of  living  index  of  the  Bureau  of  Labor  Statistics 
(1929=100). 

The  formula.- — The  following  formula  was  derived  from  the 
data  for  the  years  1921-32: 

Calculated  consumption  of  meat  products  = 
(Millions  of  pounds  per  month) 

-^  /nonagricultural  consumer  income^-'^'"'  /real  priceN""-*''" 

^^"""V  Too  ;      V    100    ) 

The  average  residual  for  the  years  1921-32  was  1.1  percent, 
with  a  maximum  of  2.1  percent  in  1927  and  1928. 

Consumption  for  the  years  1933,  1934,  and  1935  was  calcu- 
lated from  the  formula.  The  average  residual  for  the  3  years  was 
1.9  percent,  with  a  max'mum  of  2.9  percent  in  1934. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  103a 
Flour  Milling — Manpower 

Method  used. — The  factors  which  were  related  to  man-hours 
are  an  index  of  production  and  a  time  trend  for  the  years  1921-32. 

The  data  — The  following  table  gives  the  data  used  in  the 
analysis  for  the  years  of  the  period  1921-32: 


Year 

Production ' 
(1929=100) 

Man-hours  i 
(1929=100) 

1921.. 

101.4 
105.7 
106.8 
109.4 
99.2 
101.8 
99.2 
99.7 
100.0 
100.3 
93.1 
84.3 
81.6 
83.2 
82.0 

133.3 

1922 

135.4 

1923 

1924 

1925: 

1920 

1927       

132.8 
126.8 
119.9 
115.2 
111  8 

1928 

106  5 

1929 

100.0 

1930 

88.8 

1931. 

79.1 

1932 

73.7 

19.')3. 

71.6 

1934 

71.6 

1935 

73.0 

'  ProdudivUv  in  the  Flour  and  Other  GToin-]i!iII  Products  Industry  (unpublished 
report  of  the  National  Research  Project  of  the  Works  Progress  Administration),  p.  11. 
Based  upon  census  data  for  production  of  all  grain-mill  pro<lucts  in  odd  years,  and 
even  years  interpolated  by  means  of  Federal  Heserve  index  of  wheat  flour  milled. 

'  Ihid.  Based  upon  Bureau  of  I.alxir  .statistics  index  of  employment  and  Census 
and  Bureau  of  l.al'or  Statistics  data  for  hours  per  week. 

The  formula. — The  formula  obtained  by  using  the  data  for  the 
period  of  the  years  1921-32  is  as  follows: 

Calculated  man-hours  =  2.225(0.9579)>"'-""((Pf,<iSL'!?,m^"))''''**' 
(1929  =  100)  ^     (isra-iuu)     / 

The  average  residual  for  the  years  of  the  period  covered, 
1921-32,  is  3.4  percent,  with  the  maximum  of  6.3  percent  occur- 
ring in  1927. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35  is  8.4  percent,  with  the  maximum  of  14.6  percent  in  1935. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  103b 

Flour  Milling — Consumption 

Method  used. — Flour  consumption  was  related  to  consumer 
income  (average  of  current  and  preceding  year)  and  a  time 
trend. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  i 
(1929=100) 

Consumer  in- 
come average 
of  current  and 
preceding  year > 
(billions  of  1938 
dollars) 

1922                          

107.8 
108.9 
109.9 
103.6 
103.7 
98.8 
100.1 
100.0 
99.4 
94.6 
89.6 
87.5 
88.4 
86.3 

45.6 

1923                                            . 

51.8 

1924                   

65.1 

1925                                            .       

56.2 

1926         

57.6 

1927 - 

58.6 

1928 

60.6 

1929                            

63.8 

1930                                                  

62.8 

1931                                                               _.  , 

57.6 

1932                                        . 

60.6 

1933     

47.4 

1934                                    ,  

51.1 

1935 

65.4 

1  This  scries  represents  the  consiunption  of  flour  made  from  wheat  and  other  grains. 
The  consumiition  of  wheat  flour  is  reported  by  the  Svncv  of  Current  Business  (Rus- 
sell's). The  Ce7isus  of  Manufactures  reports  production  of  fecdscreeninps,  bran,  corn 
meal,  rye,  and  buckwheat.  Itisassuirod  that  the  ratio  of  consimiition  to  production 
of  other  flours  is  the  same  as  the  ratio  for  w  heat  flour.  The  ratio  for  n  heat  (lour  is 
Russell's  consumption  divided  by  Census  of  Manufactures  production.  This  ad- 
justed series  for  other  grain  consumption  is  conibined  with  wheat  flour  consumption 
in  odd  years  weighted  by  value  of  products  with  1929=  100.  I^ven  years  were  inter- 
polated by  the  index  of  wheat  consumption.  The  interpolation  was  based  on  the 
assumption  that  the  ratios  of  the  whole  index  to  the  index  of  wheat  consumption  were 
linearly  relatecl. 

'  See  table  I  of  this  Appendix. 
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The  formula.— The  following  foriiuila   was  derived  from  the 
data  for  the  years  1922-32: 


Calculated  consumption  = 

(1929=100) 


47.90  (0.9801  >■'' 


r-l»27j 


(consumer  income  average  of  current\°""' 


and  preceding  vear) 
(nniions  of  1930  do"nars) 


; 


The  average  residual  in  the  period  covered,  1922-32,  is  1.1 
percent.  The  maximum  residual  in  the  period  covered,  1922-32, 
is  —3.2  percent  in  1927. 

The  average  residual  in  the  extrapolated  period,  1933-35,  is 
1.1  percent.  The  maximum  residual  in  the  extrapolated  period, 
1932-35,  is  2.2  percent  in  1934. 

The  amount  of  variation  explained  is  92  percent. 

Summary  No.  104a 
Canning  and  Preserving — 
Manpower 

Method  used. — Manpower  in  the  canning  and  preserving  indus- 
try is  related  to  production  and  a  time  trend  for  the  years  of  the 
period  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis : 

Manpower  and  related  factors 


Year 

Man-Hours  ' 
(1929=100) 

Product 
(1919= 

ion  ' 
100) 

1919                   

0) 

82.0 

53.4 

73.3 
65.1 
86.2 

83.4 

100.0 
96.0 
68.9 
51.8 
63.0 
72.4 
81.8 
79.0 

(') 
W 

100.0 

1920 

1921                   - 

66.2 

1922        ,                                                                     

1923        

119.4 

1924                                                                             

112,0 

1925     

144.9 

1926                                                                  

1927 - 

139.0 

1928                                     .                     

1929 

173.4 

1930                                         

190.4 

1931 

146.5 

1932    .  .                

122.3 

1933                                                                            

149,0 

1934.                   - 

164.1 

1935 

206.0 

1936                            -- 

205.9 

'  Average  hours  per  week  tor  1919,  1921,  1923,  and  1929  obtained  from  prevailing 
hours  in  Census  on  assumption  that  prevaihns  and  actual  hours  in  1929  were  equal; 
1924  obtained  by  linear  interpolation.  Actual  hours  per  week  1932-36  obtained  from 
Bureau  of  Labor  Statistic*^.  Years  1930  and  1931  obtained  by  linear  interpolation. 
Man-hours  index  derived  by  multiplying  employment  index  from  Bureau  of  Labor 
Statistics  and  Census  by  index  of  average  hours. 

"  Production  index  for  Census  years  obtained  from  Day-Thomas  index  (The  Growth 
of  Manufactures— Census  Monograph  VIII,  192.H).  Interpolations  for  even  years 
from  series  on  vegetable  pack  (unpublished  figures  of  planning  section  of  Agricultural 
Adjustment  Administration). 

3  No  data  available. 

The  formtda.- — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919,  1921, 1923-25, 1927, 1929-32: 

Calculated  man-hours  =  .5841    (0.9566)^"'-'™   (production) '•<'M2 

(1929=100)  (1929=100) 

The  average  residual  for  the  years  1919  to  1932  is  6.1  percent 
with  a  maximum  of  11.5  percent  in  1929. 

Man-hours  for  each  of  the  4  years,  1933  to  1936,  were  cal- 
culated from  the  formula.  The  average  percent  residual  for 
the  4  years  is  2.5  with  a  maximum  of  6.6  percent  in  1934. 

The  amount  of  variation  explained  is  89  percent. 

Summary  No.  104b 
Canning  and  Preserving 
(Excluding  Fish) — Consumption 

Method  used. — The  consumption  of  canned  and  preserved 
fruits  and  vegetables  is  related  to  the  consumer  income,  and  a 


time  trend.  A  linear  relationship  was  fitted  to  the  data  for  the 
years  1921-32.  The  graphical  analysis  indicated  that  the  linear 
relationship  gave  a  .somewhat  better  fit  than  the  exponential 
type  of  relationship. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  ' 
(million 
pounds) 

Consumer  in- 
come' (billions 
of  1936  dollars) 

1921                              

1,891 
2, 020 
2, 890 
2,931 
3,847 
3,493 
3,590 
3,822 
4,090 
4,218 
3,404 
3,282 
3,568 
3,973 
4,763 

42.3 

1922 

48.8 

1923                   

54.8 

1924 

55.4 

1925     .                 

67.0 

1926 

58.3 

1927 

58.9 

1928                                                              

62.2 

1929 

65.3 

1930       ^                                                  

60.4 

1931 

54.6 

1932                                            

46.7 

1933 

48.2 

1034                                                

54.0 

1935     .              - 

66.9 

'  Consumption:  Total  consumption  of  canned  fruits  plus  total  consumption  of 
canned  vegetables  from  preliminary  reports  of  Program  Planning  Division  of  the 
Agricultural  Adjustment  Administration.  The  Dgurcs  given  are  indicated  con- 
sumption tor  the  crop  years  of  the  various  products;  the  crop  year  being  different  for 
different  crops. 

'  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived    from  the 
data  for  the  years  1921-32: 

Calculated  consumption  = 


ipt 

Isl 


(Million  pounds 

63.33  (consumer  income)  + 100  (year— 1925)  -333.3 

(Billions  1936  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1921-32,  is  4.6  percent,  with  a  maximum  of  17.4  percent  occurring 
in  1925. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
4.4  percent,  with  a  maximum  residual  of  11.3  percent  occurring 
in  1925. 

The  amount  of  variation  explained  is  88  percent. 

Summary  No.  105a 
Tobacco — Manpower 

Method  used. — The  factors  which  were  related  to  man-hours 
are  an  index  of  production  of  tobacco  products  and  a  time  trend. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis  for  the  years  of  the  period  1921-32: 

Manpower  and  related  factors 


Year 


1919., 
1920., 
1921., 
1922.. 
1923. 
1924.. 
1925.. 
1926., 
1927-, 
1928., 
1929., 
1930. 
1931. 
1932. 
1933. 
1934. 
1935.. 
1936.. 


Man-hours 

Production 

(millions)' 

( 1923-25 ■ 

=100)' 

7.87 

82 

7.39 

85 

7.16 

87 

6.98 

89 

6.98 

96 

6.51 

m 

6.26 

105 

5.94 

112 

6.08 

118 

6.87 

124 

5.41 

134 

4.80 

131 

4.20 

123 

3.62 

HI 

3.34 

116 

3.32 

128 

3.16 

135 

3.25 

151 

1  Conuiuted  by  multiplying  employment  by  average  hours  per  week.  Employ- 
ment data  from  Census  of  Manufactures,  interpolated  by  Bureau  of  Labor  Statistics 
index  of  employment.  Hours  per  week  from  census  prevailing  hours  and  Bureau  of 
Labor  Statistics  actual  hours;  data  tor  1920,  1922,  1924-28,  1930,  and  1931  interpolated 
by  straight  line.  .        , ,     ,_  j     .    „ 

'  Federal  Reserve  Board  index  of  production  of  "tobacco  products. 
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The  formula. — The  formula  obtained  by  using  the  data  for 
the  years  of  the  period  1921-32  is  as  follows: 

Calculated  man-hours/week  = 

(.Millions) 


0.07433  (0.9162)  >"> 


-""  (industrial  production)  »•"" 

(1923-25  =  100) 


The  average  residual  for  the  years  of  the  period  1921-32  is  2.0 
percent,  with  the  maximum  of  4.6  percent  occurring  in  1928. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  2.6  percent,  with  the  maximum  of  —3.7  percent 
occurring  in  1935. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  lO.^b 
Tobacco — Consumption 

Method  used. — The  factors  wliich  arc  related  to  tobacco  con- 
sumption are  consumer  income  and  a  time  trend.  The  real  price 
of  tobacco  was  also  considered  in  the  analysis  but  appeared  to 
be  insignificant.  The  effect  of  real  price  is  probably  accounted 
for  by  proxy  by  the  consumer  income  and  time  trend  factors. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Tobacco  con- 
sumption 
(1923-25  =  100)1 

Consumer  in- 
come, (billions 
1936  dollars)' 

1919  -. 

82 
87 
85 
89 
96 
99 
105 
112 
118 
124 
134 
131 
123 
HI 
116 
128 
135 
151 

46.6 

1920     

47.0 

1921   

42.3 

1922                

48.8 

1923 

54.8 

1924 — - 

56.4 

1925  

67.0 

1928 

58.3 

1927     

58.9 

1928  

62.2 

1929            

65.3 

1930  - 

60.4 

1931        

54.6 

1932  

46.7 

1933 

48.2 

1934 

54.0 

1935        

56.9 

1936  

63.9 

1  Federal  Reserve  Butietins  and  miraeosraphed  release  (Board  of  Oovernors  of  the 
Federal  Reserve  System).  Inde\  of  production  of  tobacco  products,  based  upon 
cigars,  cigarettes,  and  tobacco  on  whicti  tax  is  paid. 

1  See  table  I  of  this  .\ppendix. 

The  formula. — The  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  of  the  period  1919-32: 

Calculated  tobacco  consumption  = 

(1923-25  =  100) 

9.561  (1.026)>'"'-'9"  (consumer  income)  "'"^s 
(Billions  1936  dollars) 

The  average  residual  for  the  years  1919-32  is  2.4  percent,  the 
maximum  of  4.9  percent  occurring  in  1921. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
2.8  percent,  the  maximum  of  —3.3  percent  occurring  in  1933. 

The  amount  of  variation  oxplaiiiod  is  96  percent. 


Summary  No.  106a 
Cane  Sugar  Refining — 
Manpower 

Method  used. — Man-liours  was  related  to  a  production  index 
and  a  time  trend.  .\n  exponential  relationship  was  fitted  to  the 
data  for  the  period  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours ' 
(1929  =  100) 

Production  > 
(1929  =  100) 

1919 

129.2 
123.6 
112.7 
127.1 
104.0 
99.6 
100.6 
97.9 
98.9 
93.9 
100.0 
96.0 
81.5 
72.9 
67.4 
66.3 
69.7 

82.2 

1920 ^ 

85  2 

1921 

73.7 

1922 

105  9 

1923         

86  6 

1924 

93.9 

1925     

105  8 

1926 

106.7 

1927 

100.2 

1928            

97  7 

1929 

100.0 

1930             

98  3 

1931 

86.6 

1932         

78.5 

1933 - - 

77.0 

1934 

70.9 

1935 

82.3 

I  Productivity  in  the  CaJte  Sugar  Refining  Industry  (unpublished  report  of  the  Na- 
tional Research  Project  of  the  Works  Progress  .\dministration).  Bused  upon  Fed- 
eral Reserve  Board  and  Bureau  of  Labor  Statistics  indexes  of  employment,  and  upon 
prevailiut:  hours  data  from  the  census  and  average  hours  per  week  from  the  Bureau 
of  Labor  Statistics. 

^  Ibid.  Based  upon  census  data  for  riuautity  of  refined  suear  produced,  interpo- 
lated in  intercensal  years  by  a  series  of  raw  sugar  melted  coin|iiled  by  WiUet  and 
Orgy's  Statistical  Sugar  Trade  Journal  Aiid  published  in  the  Surrey  of  Current  Business. 


The  formula. — The  following  formula  was  derived  from  the 
data  for  1919-32: 

Calculated  man-hours  =  23.7  (0.9643)»"'-'«"  (production)  »■"■» 

(1929=100)  (1929  =  100) 

The  average  residual  for  tlie  years  covered  Ijy  the  analysis, 
1919-32,  is  4.4  percent,  with  a  maximum  of  9.2  percent  in  1929 
and  1930. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
4.7  percent,  with  a  maximum  of  —7.7  percent  in  1933. 

The  amount  of  variation  explained  is  87  percent. 

Summary  No.  106b 
Sugar-Consumption 

Method  used. — The  factors  which  were  related  to  sugar  con- 
sumption are:  (1)  Consumer  income,  (2)  real  retail  price  of 
sugar,  and  (3)  time  trend.  In  the  preliminary  graphical  analysis 
it  was  observed  that  the  data  for  1919  and  1920  were  consider- 
ably out  of  line  with  the  apparent  relationship  curves.  These 
were  abnormal  years  with  respect  to  sugar  prices  and  the  analysis 
was  considered  with  the  exclusion  of  these  2  years. 


The  dala.- 
analysis: 


-The  following  table  gives  the  data  used  in  the 
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Consumption  and  related  factors 


Year 

Total  con- 
sumption of 

sugar  1 
(millions  of 
long  tons) 

Consumer 

income 
(billions  of 
1936  dollars) 

Retail  price 

of  sugar  J 

(1929  cents  per 

pound) 

1921 

4.11 
6.09 
4.78 
4.85 
5.51 
5.67 
a.  30 
6.54 
6.81 
5.60 
5.48 
6.21 
6.27 
6.14 
5.34 
5.52 

42.3 
48.8 
54.8 
55.4 
57.0 
58.3 
58.9 
62.2 
66.3 
60.4 
54.8 
46.7 
48.2 
54.0 
56.9 
63.9 

7.3 

1922 

6.8 

1923 

9.4 

1924 • 

8  4 

1925 

6.3 

1926       

5  9 

1927 

6.4 

1928     

6.3 

1929 

6.9 

1930 

5.6 

1931 

5.8 

1932 

5.9 

1933 

6.6 

1934 

6.  7 

1935 

6.7 

1936 

6.6 

I  Sugar  consumption  represents  deliveries  as  reported  by  Willett  and  Gray  in 
various  issues  of  the  ^^'eekly  Statistical  Sugar  Trade  Journal:  imports  and  exports 
are  accountcii  for  but  Willett  and  Gray  gives  very  little  information  concerning  the 
data:  it  is,  however,  believed  to  be  a  reliable  sugar  consumption  series  (see  Report  to 
the  President  on  Sugar,  No.  73,  U.  S.  TarilT  Commission). 

>  See  table  I  of  this  .Appendix. 

3  Computed  from  Bureau  of  Labor  Statistics  retail  price  of  sugar  as  reported  in 
Survey  of  Current  Business  (U.  S.  Department  of  Commerce)  "1936  Annual  Supple- 
ment," page  100,  and  Bureau  of  Labor  Statistics  cost  of  living  index  adjusted  to  a 
1929  base. 

The  formula. — Tlie  followiug  formula  \v;i£  derived  l>y  corre- 
lation analysis  for  the  years  of  the  period  1921-32: 

Calculated  consumption  =  1.268  (1.003o)='««'-i«=«X 

(Millions  long  tons) 

(consumer  income)''<'**X  (retail  price)~°-2°2' 
(Billions  of  1936  dollars)  (1929  cents) 

The  average  residual  for  the  years  of  the  period  covered,  1921- 
32,  is  2.7  percent,  with  the  maximum  of  — 6.6  percent  occurring 
in  1921. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-26  is  3.7  percent,  with  the  maximum  of  .5.2  percent  occur- 
ring in  1933. 

Tlie  amount  of  variation  explained  is  87  percent. 

Summary  No.  107a 
Leather,  Tanned,  Curried 
and  Finished — Manpower 

Method  used. — -Man-hours  in  leather,  tanned,  curried  and 
finished,  was  related  to  the  Federal  Reserve  Board  index  of 
leather  production  for  the  period  1922-32,  and  later  years  were 
obtained  by  extrapolation.  A  set  of  graphically  determined 
regression  lines  was  used  in  place  of  the  customary  least  squares 
solution. 

The  data. — The  following  tabic  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man  hours  ' 
(1923=100) 

Leather  pro- 
duction ' 
(1923-25=100) 

1922 

3  101. 7 
100.  e 
87.0 
87.4 
88.8 
85.3 
84.3 
83.6 
75.3 
66.9 
66.8 
66.0 
61.4 
64.6 

107 

1923            ..  . 

111 

1924 

94 

1925 

96 

1926 --- 

99 

1927 

102 

1928 - 

98 

1929 

96 

1930 - 

90 

1931 

81 

1932 _ 

70 

1933 

82 

1934 

88 

1936.. 

97 

The  formula. — The  formula  obtained  liy  using  the  data  for 
the  period  of  the  years  1922-32  is  as  follow-s: 

Calculated  man-hours  =  3). 1-1-0.57471  (leather  production) — 

(1923=100)  (1923-25=100) 

2.2988  (year— 1926) 

The  average  residual  for  the  years  of  the  period  covered, 
1922-32,  is  1.8  percent,  with  the  maximum  of  5.0  percent 
occurring  in  1929. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  3.5  percent,  with  the  maximum  of  4.2  percent  occur- 
ring in  1933. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  107b 
Leather,  Tanned,  Curried 
and  Finished — Consumption 

Method  used. — Value  of  leather  available  for  consumption 
was  related  to  an  index  of  leather  demand  for  the  years  of  the 
period  1920-32.  The  index  of  leatlier  demand  given  in  the  table 
below  should  be  considered  only  as  a  crude  a])proximation  to  the 
true  index  of  demand  since  changes  in  stocks  and  corrections 
due  to  exports  and  imports  have  not  been  made.  The  formula 
given  below  is  different  from  the  standard  i)ower  formula  usually 
used  in  the  analyses  because  the  data  indicated  that  a  signifi- 
cantly better  fit  would  result  with  the  use  of  a  modified  formula. 

The  data. — The  following  table  presents  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Value  of 
leather  ■  avail- 
able for  con- 
sumption 
(millions  of 
1926  dollars) 

Leather 

demand  ' 

(1929=100) 

372 
338 
368 
423 
415 
400 
412 
429 
445 
439 
402 
337 
269 
283 
330 
354 

89.7 

]'>::_  _  _  .   _      .   .  _  _  , 

1922 

75.2 
89  5 

1923 

101.7 

1924 

90.7 

1925      .        ..                      

95.3 

1926 

96.1 

1927             .  -                               .  .                   ..      — 

98.7 

1928 

96.3 

1929 

100.0 

1930 

79.6 

1931 

72.1 

1932 

60.9 

1933 

64.9 

1934 

67.1 

1935 

73.7 

I  National  Industrial  Conference  Board.   Wages,  Hours,  and  Employment  in  the 
United  States,  19U-Se,  pp.  116-119.    Monthly  averages. 
'  Federal  Reserve  Board. 
'  Last  6  months  only. 


1  Based  upon  Census  of  Manufactures  data  for  value  of  production  of  leather. 
Census  value  deflated  by  Bureau  of  Labor  Statistics  index  of  price  of  leather.  De- 
flated series  interpolated  in  1920,  1932,  and  1934  by  Federal  Reserve  Board  index  of 
leather  production;  intrrnoliiItMl  in  other  years  by  means  of  an  index  of  leather  con- 
sumption computed  frnm  data  in  the  Monthly  Census  of  Hides  and  Leather.  The 
resulting  series  adjusted  for  exports  and  imports  as  reported  in  Statistical  .Ibstracts 
and  deflated  by  the  Bureau  of  I^abor  Statistics  price  index.  The  scries  used  in  the 
analysis  is  an  average  of  the  current  and  preceding  year. 

'Based  upon  Census  of  Manufactures  data.  The  index  of  demand  is  the  deflated 
value  of  boots  and  shoes  produced  weighted  by  the  proportion  which  the  value  of 
leather  contained  in  them  bore  to  the  value  of  the  boots  and  shoes  produced  in  1929 
(0.292),  plus  the  deflated  value  of  other  leather  products  weighted  by  the  proportion 
which  the  value  of  leather  contained  in  them  bore  to  the  total  value  of  other  leather 
products  in  1929  (0..3.18)  converted  to  a  1929  base.  For  method  of  obtaining  the  value 
series  used,  see  summaries  for  Boots  and  Shoes— Manpower,  footnote  2,  and  Leather 
Products  Other  Than  Leather  and  Boots  and  Shoes— Manpower,  footnote  2. 

The  formula. — The  following  formula  was  obtained  by  using 
the  data  for  the  years  of  the  period  1920-32: 

(24  412       \ 
loathor  HoTrmnH  ) 
„ . ^  , ,  ,.„i,     .%,^  ' 

(Millions  of  1926  dollars)  (1929=100) 

The  average  residual  for  the  years  of  the  period  covered, 
1920-32,  is  4.1  percent,  with  the  maximum  of  — 9.1  percent 
occurring  in  1922. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
193.3-S5,  is  4.5  percent,  with  the  maximum  of  — 6.3  percent 
occurring  in  1933. 

The  amount  of  variation  explained  is  82  percent. 
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Summary  No.  108a 
Bread  and  Other  Bakery 
Products — Manpower 

Method  used. — An  index  of  man-hours  was  related  to  an  index 
of  production  for  the  years  of  the  period  1923-32. 

Data  used. — The  following  table  presents  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ' 
(1929=100) 

Production  * 
(1929=100) 

1923                  

80.4 
81.3 
79.4 
81.7 
85.5 
90.6 
100.0 
95.6 
85.9 
79.1 
79.1 
84.1 
8«.l 

78.3 

1924 

86.0 

1925         

83.5 

1926 

90.4 

1927         

92.8 

1928            -  - 

96.4 

1929  

100.0 

1930        

99.4 

1931 

91.2 

1932       

82.7 

1933                        

79.9 

1934         

87.3 

1935               

91.7 

1  Preliminary  report  on  ProductivHy  in  the  Bread  and  Other  Bakery  Products  In- 
diutry  (Xational  Kesearcli  Project  of  tlie  W.  P.  .\.).  Based  upon  Bureau  of  Labor 
Statistics  indes  of  employment,  adjusted  to  1935  censu."!.  Ilours-per-week  data 
from  cenius  prevailinK  hours  in  1923  and  192S.  interpolated  linearly  in  other  years; 
for  the  years  1932-35  from  Bureau  of  Labor  Stati.siies. 

•  Loc.  cit.,  based  upon  Census  production  data  for  odd  years  interpolated  in  non- 
census  years  by  a  series  representing  wheat  flour  consumed  in  the  bakery  products 
industry. 

The  formula. — The  formula  obtained  by  correlation  analysis 
of  the  data  for  the  years  1923-32  is  as  follows: 

Calculated  man-hours  =1.524  (production)""'' 

(1929=100)  (1929  =  100) 

The  average  residual  for  the  years  of  the  period  covered, 
1923-32,  is  2.7  percent,  with  the  maximum  of  5.9  percent  occur- 
ring in  1923  and  1929. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  1.5  percent,  with  the  maximum  of  2.6  percent  occur- 
ring in  1933. 

The  amount  of  variation  explained  is  81  percent. 

Summary  No.  108b 

Bread  and  Other  Bakery  Products — 

Consumption 

Method  used. — Consumption  was  assumed  to  be  equal  to  pro- 
duction, and  an  index  of  production  was  related  to  consumer 
income  and  a  time  trend  for  the  period  1923-32.  Since  the  time 
factor  contributed  very  little  to  the  total  variance  and  because 
a  linear  relationship  gave  satisfactory  results  over  a  period 
1923-1932,  the  formula  presented  below  is  an  additive  one  rather 
than  the  multiplicative  type. 

The  data.^The  following  table  presents  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  • 
(1929=100) 

Consumer  in- 
come average 
current  and 
preceding  year' 
(billions  of 
1936  dollars) 

1923 

78.3 
86.0 
83.5 
90.4 
92.8 
96.4 
100.0 
99.4 
91.2 
82.7 
79.9 
87.3 
91.7 

51  8 

19IU 

55.1 

1925 

66.2 

1926        

57  6 

1927 

58.6 

1928 —     . 

60  6 

1929 

63  8 

1930 

62  8 

1931 

57.5 

1932 

50  6 

1933 

47  4 

1934- 

51  1 

1935 

55  4 

The  formula. — The  following  formula  was  obtained  by  corre- 
lation analysis  of  the  data  for  the  years  1923-32: 

Calculated  consumption  =  2. 73-1-0.588  (vear— 1928)-r 

(1929=100) 

1.5252  (consumer  income,  avg.  current  and  previous  year) 
(Billions  1936  dollars) 

The  average  residual  for  the  years  of  the  period  covered, 
1923-32,  is  1.3  percent,  with  the  maximum  of  —3.7  percent  occur- 
ring in  1925. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  2.2  percent,  with  the  maximum  of  3.7  percent 
occurring  in  1934. 

The  amount  of  variation  explained  is  95  percent. 


Summary  No.  109a 
Other  Foods — Manpower 

Methods  used. — Man-hours  was  related  to  consumer  income  and 
a  time  trend.  An  exponential  relationship  was  fitted  to  the  data 
for  the  years  1927-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours'  per 
week  (millions) 

Consumer  in- 
come' (billions 
of  1936  dollars) 

1927 

5.19 
5.63 
6.32 
6.  10 
5.34 
4.90 
5.68 
6.48 
6.82 
7.38 

58  9 

1928 

62.2 

1929 

65  3 

1930 - 

60.4 

1931 

54  6 

1932      

46  7 

1933 

48  2 

1934 ...      . 

54  0 

1935 

56.  9 

1936 

63  9 

<  See  footnote  2,  summary  108a. 
'  See  table  I  of  this  Appendix. 


'  Computed  by  multiplying  employment  by  average  hours  per  week.  Employ- 
ment obtained  by  subtractinir  sura  of  wage  earners  in  all  individual  food-manufac- 
turing  segments  from  the  total  for  the  entire  food-manufacturing  group.  .\1I  wage 
earner  data  are  from  Census  of  Manufactures  in  odd  years,  mterpulated  by  appropri- 
ate Bureau  of  Labor  Statistics  employment  indexes  in  even  years.  Average  hours 
per  week  data  are  derived  from  Census  data  for  prevailing  hours  in  1923  and  1929; 
for  1932-36  they  are  an  unweighted  average  of  the  Bureau  of  Labor  Statistics  (lata 
for  the  various  food  industries;  for  other  years  the  data  were  obtained  by  straight 
line  interpolation. 

>  See  table  I  of  this  Appendix. 


The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  years  1927-32: 

Calculated  man-hours  per  week  = 

60,270  (1.0395)  >'«"-i93o  (consumer  income)'""" 
(Billions  1936  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1927-32,  is  1.7  percent,  with  a  maximum  of  —3.4  percent  in 
1931. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
5.9  percent,  with  a  maximum  of  9.2  percent  in  1933. 

The  amount  of  variation  explained  is  94.5  percent. 

Summary  No.  UOa 
Confectionery  and  Chocolate — 
Manpower 

Method  used. — Man-hours  in  the  confectionery  and  chocolate 
manufacturing  industry  was  related  to  production  and  a  time 
trend  for  the  years  of  the  period  1925-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 


Patterns  of  Resource  Use 

Manpower  and  related  factors 


Year 

Man-hours'  per 
week  (millions) 

Production  " 
(1929=100) 

1625 

3.58 
3.70 
3.52 
3.44 
3.53 
3.01 
2.52 
2.14 
2.14 
2.15 
2.21 

89.3 

1926      

99.4 

1927                        .                 

96.0 

1928  

94.0 

1929                                 

100.0 

1930  1 

97.5 

1931              

83.7 

1932 

77.7 

1933        

82.2 

1934 

91.1 

1935 -. 

96.9 

1  Computed  by  multiplying  averaR©  hours  per  week  by  employment.  Data  for 
hours  per  week  from  National  Research  Project  of  the  Works  Progress  Administration 
study,  I*Toduct\vHy  in  the  ConfectioJiery  Industry.  Employment  data  for  chocolate 
and  confectionery  from  the  Census  for  odd  years  and  interpolated  by  the  Bureau  of 
Labor  Statistics  employment  indexes  for  the  uoiicensus  years. 

'  See  footnote  1,  confectionery  and  chocolate  consumption  summary,  no.  liob. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1925-32: 

Calculated  man-hours  per  week:= 

(Millions) 

jO.0385  (producUon)-0.340j  j_o.0547  (year  -1927)  +  1.078[ 

The  average  residual  in  the  year.s  covered,  1925-32,  is  3.0 
percent,  with  the  maximum  of  —5.7  percent  occurring  in  1926. 

The  average  residual  in  the  years  extrapolated  (1933-35)  is 
1.7  percent,  with  the  maximum  of  2.3  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  110b 
Confectionery  and  Chocolate — 
Consumption 

Method  used. — This  segment  includes  chocolate  and  cocoa  as 
well  as  confectionery  proper,  but  it  excludes  chewing  gum.  Con- 
sumption was  related  to  real  price,  consumer  income  of  wage 
earners,  and  time.  An  exponential  relation.ship  was  fitted  to 
the  data  for  1922-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

ConsumpiioD ' 
(1929=100) 

Real  price ' 
(1929=100) 

Consumer  in- 
come of  wage 
earners  ^ 
(billions  of 
1936  dollars) 

1922 

87.2 
91.5 
85.3 
89.3 
99.4 
96.0 
94.0 
100.0 
97.5 
83.7 
77.7 
82.2 
91.1 
96.9 

89.8 
98.5 
96.4 
103.2 
99.1 
102.  1 
103.0 
100.0 
97.7 
97.0 
86.0 
87.0 
85.9 
86.3 

10.9 

1923                                   

13.6 

1924 

12.7 

1925                                            

12.7 

1926 

13.3 

1927                                  

13.0 

1928 - 

13.2 

1929                                          

13.9 

1930 

11.7 

1931                                       

9.4 

1932 

6.9 

1933                                         

7.6 

1934 

9.2 

1935 

10.0 

'  For  census  years  the  value  of  products  of  the  confectionery  industry  and  the 
chocolate  and  cocoa  products  industry  were  totaled  and  converted  into  an  index  on 
a  1929  base.  This  value  index  was  deflated  by  a  price  index  with  a  19-".i  base.  From 
1925  through  1935  the  price  series  used  was  from  data  in  Confectionery  Distribution  in 
the  United  States  published  by  the  Bureau  of  Foreign  and  Domestic  Commerce. 
The  price  index  was  composed  of  10  varieties  of  confectionery  weighted  according  to 
1929  values.  The  index  number  for  1923  was  derived  from  census  data.  The  inter- 
censal  years  of  the  deflated  index  were  interpolated  using  the  geometric  mean  be- 
tween the  ratios  of  the  series  being  interpolated  and  the  interpolation  series  for  pre- 
ceding and  succeeding  years.  The  interpolation  series  was  the  index  of  confectionery 
output  given  in  the  preliminary  unpublished  report  of  the  National  Research 
Project  of  the  Works  Progress  Administration.  Productivity  in  the  Confectionery  In- 
dustry, for  the  years  1925-36.  The  figures  for  1923-24  were  census  output  deflated  by 
the  Bureau  of  Labor  Statistics  index  of  food  prices  in  1923  and  the  same  series  inter- 
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The  formula. — The  following  formula  was  derived  from  the 
data  for  the  period  1922-32: 

Calculated  consumption  =  433.3(1 .0 1 6) >■«•>- m? x 

(I92ff=100) 

(real  price)""""'  (consumer  income  of  wage-earners)""" 
(1929  =  100)  (Billions  of  1936  dollars) 

The  average  residual  in  the  years  covered,  1921-32  is  2.4  per- 
cent, with  a  maximum  of  —6.7  percent  in  1924. 

The  average  residual  in  the  years  extrapolated,  1933-35,  is  3.1 
percent,  with  a  maximuna  of  —4.6  percent  in  1934  and  1935. 

The  amount  of  variation  explained  is  84  percent. 

Summary  No.  lUa 
Boots  and  Shoes — 
Manpower 

Method  used. — The  factors  which  were  related  to  manijower 
in  the  boots  and  shoos  industry  are  the  deflated  value  of  output 
and  a  time  trend  for  the  years  1920-32. 

The  data. — The  following  table  gives  tlie  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  * 
(1929=100) 

Deflated  value 

of  production  ' 

(millions  1926 

dollars) 

1920                             

97.0 
93.2 
99.0 

113.1 
99.8 

104.2 
99.8 

101.2 
90.  1 

100.0 
8,1.3 
88.8 
81.3 
83.2 
83.0 
82.5 
82.9 

846.6 

1921        -  . 

761.7 

1922                                   

882.7 

1923             

989.9 

1924                                   

898.6 

1925          - 

906.2 

1926                                          

886.  7 

1927                 

907.8 

1928 

878.3 

1929                

902.0 

1930 

733.8 

1931 

694.9 

1932     --- - 

603.8 

1933 

611.0 

1934           -.- 

607.9 

1935                          _ 

e.M.  2 

1936           

736.0 

'  Preliminary  report  on  Prodtii tidily  in  the  Boots  and  Shms  Industry  (National  Re- 
search Project  of  Works  Progress  Administration).  Based  upon  Census  and  Bureau 
of  Labor  Statistics  data. 

'  Derived  by  deflating  value  of  output  by  the  Bureau  of  Labor  Statistics  whole- 
sale price  index  of  boots  and  shoes.  For  the  method  used  in  deriving  the  value  of 
output  see  footnote  1  of  summary  No.  111b. 

The  formula. — The  following  formula  was  derived  by  analysis 
of  the  data  for  the  years  of  the  period  1920-32: 

Calculated  man-hours  = 

(1929=100) 

2.098(0.99805)>'<-»^"26  (deflated  value  of  production)"-™' 

(Millions  1926  dollars) 

The  average  residual  for  the  years  of  the  period  covered, 
1920-32,  is  2.1  percent,  with  the  maximum  of  5.3  percent  occur- 
ring in  1923. 

Tlie  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  3.8  percent,  with  the  maximum  of  —6.1  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  90  percent. 


polated  by  import  value  for  1922-24.  The  series  on  cocoa  imports  is  from  the  V.  S. 
Statistical  Abstrait  and  the  interpolation  is  done  as  described  above. 

1  Price  index  deflated  by  the  Bureau  of  Labor  Statistics  cost  of  living  index  and 
converted  to  a  1929  base.  The  price  index  tor  the  years  1926-35  is  that  of  the  Bureau 
of  Foreign  and  Domestic  Commerce  described  above.  The  index  for  1923  is  derived 
from  census  data  and  the  figures  for  1922  and  1924  were  interpolated  between  census- 
derived  figures  using  the  Bureau  of  Foreign  and  Domestic  Commerce  scries. 

'  Wages  in  mining,  manufacturing,  transportation,  and  construction.  From  1929- 
36  estimates  by  Department  of  Commerce.  National  Income  in  1936.  Survey  of  Cur- 
rent Business,  June  1936;  from  1919  calculated  from  the  National  Bureau  of  Economic 
Research  recent  revision  of  their  income  series.  This  was  spliced  to  the  1929  figure 
of  the  Department  of  Commerce.  The  value  data  were  deflated  by  the  Bureau  ol 
Labor  Statistics  cost  of  living  index. 
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Summary  No.  lllh 
Boots  and  Shoes — 
Consumption 

Method  used. — -The  factors  related  to  the  consumption  of 
boots  and  shoes  were  consumer  income  and  the  price  of  boots 
and  shoes  deflated  by  the  cost  of  living  index.  There  is  no 
reliable  measure  of  consumption  of  boots  and  shoes  and  a  value 
of  output  deflated  by  the  price  of  boots  and  shoes  was  used 
adjusted  bj'  exports  and  imports.  A  better  correlation  was 
obtained  when  this  index  was  lagged  a  few  months.  At  the 
end  of  1929  there  were  about  four  months'  supply  of  boots  and 
shoes  on  hand  in  the  retail  stores.  To  make  a  crude  adjustment 
for  stocks  both  the  deflated  output  and  the  real  price  of  boots 
and  shoes  were  lagged  four  months.  The  results  were  much 
more  satisfactory  than  those  obtained  when  the  calendar  year 
values  were  used. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis  for  the  period  1919-32: 

Consumplion  and  related  factors 


Year 

Consumption: 
Deflated  value 
4  months  lag ' 
(miUions  1926 
dollars) 

Consumer  in- 
come '  (billions 
1936  dollars) 

Real  price  >  (4 
months  lag) 

1919  

817 
826 
725 
829 
930 
922 
902 
876 
90S 
874 
930 
769 
717 
619 
633 
609 
636 
701 

46.6 
47.0 
42.3 
48.8 
54.8 
55.4 
57.0 
58.3 
58.9 
62.2 
65.3 
60.4 
54,6 
46.7 
48.2 
54.0 
56.9 
63.9 

116.1 

1920 

136.8 

1921 

115.6 

1922             

102.5 

1923  

99.1 

1924                       - 

98.7 

1925   

97.5 

1926          -■ 

97.0 

1927 

98.2 

1928 

108.4 

1929 

107.5 

1930 

106.3 

1931                       

107.5 

1932 

109.9 

1933          ... 

111.  y 

1934 

124.8 

1935 

120.7 

1936 - 

121.3 

'  The  general  source  is  the  Census  of  ^.lanufadures.  The  boot  and  shoe  industry 
of  the  Census  does  not  coincide  with  the  definition  of  the  segment  and  it  changes  its 
internal  class iflcat ions  from  year  to  year.  To  overcome  these  discrepancies  an 
attempt  was  made  to  express  the  total  number  of  pairs  of  footweiir  in  terms  of  "boot 
and  shoes  proper."  For  this  purpose  all  "other  footwear."  slippers,  ballet  slippers. 
mocassins,  and  other  footwear  were  combined  and  their  value  multiplied  by  OM'2,  the 
ratio  of  average  value  per  pair  of  all  "other  footwear"  to  "boots  and  shoes  proper" 
as  reported  !)y  the  Census  of  ManufaduTes  from  1019  to  1935.  Number  of  pairs  of 
slipiwrs  in  1935  and  "other  footwear"  in  1929-31-32  was  not  reported.  It  was  there 
fore  assumed  that  slippers  for  which  no  average  value  per  pair  was  given  had  the 
same  value  jht  pair  a.s  the  slipiH'rs  for  which  data  were  given;  and  th:'t  the  value  per 
pair  of  "other  footwear"  not  stated  had  the  same  value  per  pair  a?  the  corresponding 
classification  in  years  wliere  data  were  given.  This  computation  resulted  in  a  series 
expressing  the  number  of  pairs  in  "equated  units"  i.  e.,  the  "equivalent"  number  of 
pairs  of  "boots  and  shoes  projier." 

This  series  was  filled  in  for  7  years  (intercensus  years)  by  interpolating  the  series 
for  "boots  and  shoes  proper,"  and  "other  footwear,"  individually  using  a  monthly 
series  published  by  the  Bureau  of  the  Census  (in  the  Surretj  of  Current  Business). 
These  figures  started  in  1921,  at  which  time  they  were  supposed  to  be  about  95  percent 
complete.  The  coverage  estimated  annually  by  the  Hureau  of  the  Census  was  used 
to  raise  the  figures  to  an  estimated  100  percent,  before  the  interpolation  was  made. 
The  method  w;is  as  follows:  The  ratio  of  the  raised  annual  series  reported  by  the 
Bureau  of  the  Census  to  the  series  of  the  Census  of  Manufactures  was  computed  for 
census  years  and  estimated  for  intercensus  years.  The  2  interpolated  series  were 
added  yielding  an  annual  series  of  production  of  "equated  number  of  pairs  of  boots 
and  shoes." 

The  value  of  boots  and  shoes  for  census  years  are  obtained  from  the  Census  of  Afanu- 
factures.  The  total  value  required  includes  only  leather  and  canvas  boots  and  shoes 
(excluding  canvas  rubber-soled  shoes),  slippers,  ballet  slippers,  and  "other  footwear," 
and  exclude  leggings,  gaiters,  puttees,  "other  products,  and  receipts  for  contract 
work.  Because  of  these  exclusions  the  total  value  of  the  segment  is  about  2  percent 
lower  than  the  total  value  of  the  industry  reported  by  the  Census;  the  exact  figures 
were  2.3  percent  of  the  total  in  1919  and  1.4  percent  in  1927.  The  percentages  for  the 
intervening  census  years  were  estimated  at  2.1,  1.9.  and  1.6  percent,  respectively. 
This  discrepancy  was  small  enough  to  permit  linear  interpolation  and  thus  calculate 
the  value  corresponding  to  the  segment  for  the  census  years.  These  values  were 
divided  through  by  the  series  on  "equated  pairs"  fcr  corresponding  years.    For  the 


The  formula. — The  formula  obtained  by  using  the  data  for  the 
years  of  the  period  1919-32  is  as  follows: 

Calculated  consumption  =  51 .02  X 

(Millions  1936  dollars) 

(0  974)>"'-i«2«  (consumer  income)  0.9353 y^deflated  nrire)-o-2M8 
^yj.iji^j  (Billions  of  1936  dollars)  A  (.uenaita  price; 

The  average  residual  for  the  period  1919-32  is  2.2  percent, 
with  the  maximum  of  —6.1  percent  occurring  in  1930. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
3.8  percent,  with  the  maximum  of  —5.0  percent  occurring  in 
1934. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  112a 

Leather  Products  Other  Than  Leather  and 

Boots  and  Shoes — Manpower 

Method  used. — This  segment  includes  the  entire  leather  group 
except  leather  boots  and  shoes  and  leather  tanned,  curried,  and 
finished.  The  factors  which  were  related  to  man-hours  are 
production  and  a  time  trend.  The  data  for  1919  were  not  used 
since  the  graphical  analysis  indicated  that  these  were  consider- 
ably out  of  line. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 


noncensus  years  the  interpolation  was  made  with  the  use  of  3  annual  series  which 
approximate  the  value  per  pair. 

The  first  series  used  was  the  annual  export  value  per  pair  of  leather  footwear  includ- 
ing men's  and  boys',  women's,  and  children's  boots  and  shties;  athletic  shoes,  sandals, 
overgaiters,  puttees  and  other  leather  footwear  comparable  to  the  Census  of  Manu- 
fadure*  definition  rather  than  the  segment  definition  of  the  industry.  This  series 
is  reported  in  Foreign  Commerce  and  IVavigation  of  the  Uriited  States  of  the  Bureiiu  of 
Foreign  and  Domestic  (Commerce.  Some  small  error  is  introduced  by  the  imperfect 
correspondence  of  definitions. 

The  second  series  used  to  interpolate  the  value  per  pair  of  boots  and  shoes  was  the 
Bureau  of  Liibor  Statistics  index  of  all  commodity  wholesale  prices.  The  wholesale 
price  of  boots  and  shoes  was  not  used  to  avoid  any  spurious  correlation  which  the 
use  of  this  series  might  introduce. 

The  third  series  was  the  gross  income  of  leather  companies  in  the  United  States 
as  given  by  the  Statistics  of  Income  for  various  years  (Bureau  of  Internal  Revenue). 
This  series  was  put  on  a  per  "equated  pair  basis." 

In  each  case  the  interpolation  method  used  was  the  same.  A  least  squares  straight 
line  was  fitted  to  the  scatter  of  census  value  per  pair  and  the  corresponding  values 
of  the  interpolating  series.  The  ratio  of  the  actual  values  to  the  function  values 
(computed  frniii  ihe  regression  eipiatioui  were  computed  and  plotted  against  'iine. 
.\  smo(tth  tuive  was  drawn  free-hand  throueh  these  ratios  and  the  values  for  inter- 
census years  read  ofi^.  These  new  ratios  were  applied  to  Ihe  regression  values  for  the 
noncensus  years  and  an  estimate  of  value  per  pair  derived  for  the.se  years. 

Each  of  the  3  interpolation  .scries  yielded  fairly  close  estimates  for  the  intercensus 
years.  The  final  estimates  were  obtained  by  averaging  the  3  sets  of  estimates  using 
arbitrarily  the  following  weights:  Export  value  per  pair,  3;  gross  income  per  pair,  1; 
and  Bureau  of  Labor  Statistics  price  index,  2. 

An  annual  series  of  value  per  pair  was  thus  obtained  and  this  was  multiplied  by 
the  annual  series  on  equated  pairs,  giving  an  annual  series  for  total  value  for  the 
segment. 

The  total  value  of  the  boot  and  shoe  segment  was  brought  nearer  the  consumption 
figure  by  subtracting  the  value  of  exports  and  adding  the  value  of  imports  as  given  in 
Foreign' Commerce  and  Navigation  of  the  United  States.  The  coverage  of  the  Foreign 
Trade  series  was  approximately  the  same  as  that  of  the  Censu.^  of  Afanufactures 
rather  than  that  of  the  segment,  but  the  error  introduced  is  probably  something  less 
than  1  percent  of  the  segment  total.  A  further  step  to  get  closer  to  consumption  was 
to  lag  tiie  resulting  series  of  value  of  boots,  shoes,  and  other  footwear  by  4  mtrnths 
using  a  simple  gra[)hical  process— the  atmual  series  wils  cunmlated  and  plotted  and 
the  new  values  read  olT  the  ogive  curve  at  the  proper  intervals.  A  4  months  lag  was 
used  because  on  the  average  the  shoe  trade  carries  about  a  4  months  supply  of 
stocks.     (See  the  1929  Census  of  Distribution.) 

This  lagged  .series  for  total  value  was  reduced  to  1936  dollars  by  dividing  it  by 
the  Bureau  of  Labor  Statistics  index  of  the  price  of  boots  and  shoes  at  wholesale, 
lagged  4  months,  by  an  arithmetic  computation.  The  resulting  series  was  used 
to  represent  consumption  of  boots  and  shoes.  The  question  might  be  raised  as  to 
why  the  series  of  equated  pairs  (adjusted  for  net  exports'!  was  not  used  to  represent 
consumption.  Boots  and  shoes  have  varied  considerably  in  quality  over  the  period 
of  years  and  a  deflated  value  corrects  in  part  for  quality  variations.  From  the  point 
of  view  of  consumers'  purchases,  series  which  allow  for  variations  in  quality  are  more 
important. 

3  See  table  I  of  this  Appendix. 

3  The  Bureau  of  Labor  Statistics  index  of  the  price  of  boots  and  shoes  (1926  =  100). 
lagged  4  months  arithmetically  and  divided  by  the  Bureau  of  Labor  Statistics  index 
of  cost  of  living  (1929  =  100)  for  the  calendar  year.  The  wholesale  price  was  lagged  to 
account  in  part  for  the  discrepancy  between  the  price  at  the  factory  and  the  price 
the  ultimate  consumer  pays  for  the  boots  and  shoes. 
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Man-hours  and  production 


Year 

Man-hours  ' 
(thousands) 

Production  ' 
(miUions  o( 
1926  dollars) 

1920 

2,800 
2,180 
2,680 
2,940 
2,520 
2,650 
2,710 
2,860 
2,900 
3,040 
2,500 
1,990 
1,580 
1,710 
1,850 
2,150 

359 

1921 

248 

1922 

320 

1923 

377 

1924 

320 

1925 

375 

1926 

405 

1927 

420 

1928 

417 

1929 

443 

1930 

337 

1931 

274 

1932 .           .. 

214 

1933 

262 

1934 

294 

1935 

337 

I  Man-hours  obtained  by  multiplyinK  oniploymcnt  by  average  hours  per  week. 
Employment  data  from  Census  of  ^fanufacttires  in  odd  years,  interpolated  by  Bureau 
of  Labor  Statistics  index  of  employment  in  even  years;  represents  (total  leather 
group)  minus  (boots  and  shoes)  minus  (leather,  tanned,  curriecl.  and  finislied)  minus 
("whips,"  before  1931).  Hours  data  from  National  Industrial  Conference  Board; 
average  hours  per  week  for  25  matmfac;turinc  industries.  .Since  tiie  "other  leather" 
group  consists  cf  many  types  of  proilucts.  it  was  assumed  that  the  average  hours  per 
week  would  not  dilTer  nuich  from  those  in  the  "2.'i  manufacturing  industries." 

'  Derived  from  Census  of  ManufnctiiTts  data:  (total  leather  group)  minus  (boots 
and  siloes  other  than  rubber)  minus  (leatlier,  tanned.  eurrie<l,  and  flnislie<l)  minus 
(whips,  before  1931).  This  value  series  is  deflated  by  a  price  index  constructed  from 
a  Bureau  of  Labor  Statistics  price  series.  The  intercensal  years  were  interpolated 
graphically:  1922-30  by  u.se  of  an  index  of  consumption  of  leather  of  the  types  used 
(or  "other  leather  products"  constructed  from  data  in  the  Statistical  Abstract  (primary 
source:  Bureau  of  the  Census,  Monthly  Census  of  Hides,  Skins,  and  Leather);  1920, 
1932.  1934.  and  1936  by  use  of  consumer  income. 

The  forrmda. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1920-32: 

Calculated  man-liours  per  week  = 
(Thousands) 

31.94  (0.9851)""- '»2«  (production)"-""! 
(Millions  of  1926 
dollars) 

Tlie  average  residual  for  the  years  of  the  period  1920-32  is 
3.0  percent,  with  the  maximum  of  —5.9  percent  occurring  in 
192ti. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35  is  (5.3  percent,  witli  the  maximum  of  —8.6  percent  oc- 
curring in  1933. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  112b 

Leather  Products  Other  Than  Leather 

and  Boots  and  Shoes — Consumption 

Method  used. — ^The  factors  related  to  consumption  were  con- 
sumer income,  real  price,  and  a  time  trend.  Real  price  was 
obtained  by  deflating  the  price  of  Icatlier  products  (excluding 
leather  and  boots  and  shoes)  by  the  Bureau  of  Labor  Statistics 
wholesale  price  of  all  commodities. 

The  data. — The  following  tabic  gives  the  data  used  in  the 
analysis  for  the  years  of  the  period  1920-32: 

Consumption  and  related  factors 


Year 

Consumption  i 

(millions  1926 

dollars) 

Consumer  in- 
come '  (bilUons 
1936  dollars) 

Keal  price  J 
(1926=100) 

1920          .      . 

354 
257 
325 
382 
324 
380 
413 
430 
426 
459 
352 
287 
226 
268 
290 
341 

47.0 
42.3 
48.8 
54.8 
55.4 
57.0 
58.3 
58.9 
62.2 
65.3 
60.4 
54.6 
46.7 
48.2 
54.0 
.16.9 

92 

1921 

122 

1922 

118 

1923 

103 

1924 

106 

1925... 

100 

1926 

100 

1927 

107 

1928.. 

109 

1929 

109 

1930 

118 

1931.. 

132 

1932 

133 

1933 

119 

1934 

110 

1935 

101 

108 

The  formula. — The  formula  obtained  by  using  the  data  for 
the  period  of  the  years  1920-32  is  as  follows: 

Calculated  consumption=  10.2-tX 

(Millions  of  1926  dollars) 


(0.9816)''«"~"'-«(consumer  income)'"""' 
(Billions  of  1936 dollars) 


(deflated  price)-""" 

(1926=  100) 


The  average  residual  for  the  period,  1920-32  is  4.4  percent, 
with  the  maximum  of  —15.0  percent  occurring  in  1924. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
4.8  percent,  with  tlie  maximum  of  8.5  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  90  percent. 

Summary  No.  113a 

Woolen  and  Worsted  Goods — 

Manpower 

Method  used. — Man-liours  is  related  to  production  and  a  time 
trend  from  1919-32. 

The  data. — The  following  table  gives  (lie  data  used  in  the 
analj'sis : 

Manpower  and  related  factors 


Year 

Man-hours ' 
(1929=100) 

Production  ' 
(1929=100) 

1919    

107.7 
90.0 
98.2 
107.0 
135.5 
110.8 
106.7 
99.1 
102,1 
96.3 
100.0 
72.0 
73.2 
60.1 
76.9 
57.1 
83  0 

1920... 

86  2 

1921      

91  7 

1922 

1923 

119  2 

1924 

1925        

105  5 

1926 

1927           

98  7 

1928 

1929            

100  0 

19,30 

1931            

82  6 

1932 

73  5 

1933 

86  8 

1934 

76  0 

1935 

93.0 

'  Man-hours  is  the  product  of  an  index  of  weekly  hours  and  an  index  of  employment. 
For  employment  the  Bureau  of  Labor  Statistics  index  is  used  for  1923-36,  with  the 
years  1919  and  1921  spliced  on  by  means  of  Census  wage  earners  at  1923.  and  the  years 
1920  and  1922  interpolated  with  Xational  Industrial  Conference  Board  data.  .Aver- 
age hours  are  Bureau  of  Labor  Statistics  data  for  1933-3H,  National  Industrial  Confer- 
ence Board  data  for  1920-31,  an  average  of  these  two  for  1932.  and  an  extrapolation 
based  on  Census  prevailing  hours  for  1919.  Data  for  1920  and  1922.  for  wliich  years 
National  Industrial  Conference  Board  data  cover  only  7  and  6  months,  respectively, 
were  corrected  by  assuming  a  straight  line  relationship  for  man-hours  for  the  remain- 
ing months. 

1  Based  on  Day-Thomas  index  of  production  (V.  S.  Kolesnikoff,  Index  of  Produc- 
tion of  Manufactures  Derived  from  Census  Data,  1933,  Journal  of  American  Sta- 
tistical Association,  vol.  30,  No.  191,  September  1935,  supplement,  p.  ,182).  Inter- 
censal years  interpolated,  and  1935  extrapolated  by  means  of  the  Federal  Reserve 
Board  index  of  textile  production. 

T%e  formula. — Tlie  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  of  the  period  1919-32: 

Calculated  man-hours  = 

(1929  =  100) 

0.2624  (0.9861)>«"-"29  (production)  ^-'-^ 

(1929=100) 

The  average  residual  for  the  years  of  the  period  1919-32  is 
3.6  percent,  witli  the  maximum  of  —10.8  percent  occurring  in 
1922. 

The  average  residual  for  the  years  of  the  extrapolated  period 
1933-35  is  4.3  percent,  with  the  maximum  of  —11.2  percent 
occurring  in  1934. 

The  amount  of  variation  explained  is  93  percent. 

'  Based  on  production  adjusted  for  exports  and  imports.  Production  is  derived 
from  the  Census  of  Manufactures  by  deflating  the  value  by  the  price  of  leather  prod- 
ucts. Price  was  constructed  from  the  Bureau  of  Labor  Statistics  price  series  for 
leather  products,  excluding  leather  and  boots  and  shoes.  For  the  intercensus  years 
between  1921  and  1931  production  was  obtained  by  interpolation  using  the  con- 
sumption of  leather  of  types  used  for  other  leather  products  as  an  interpolating 
series.  For  the  noncensus  years  before  1921  and  after  1931  man-hours  was  used  as 
an  interpolating  series. 

'  See  table  I  of  this  Appendix. 

'  Derived  from  Bureau  of  Labor  Statistics  price  indexes  for  belting,  women's 
gloves,  men's  gloves,  harnesses,  suitcases,  and  traveling  bags;  each  index  weighted 
by  the  Bureau  of  Labor  Statistics  weight,  and  the  composite  index  divided  by  the 
Bureau  of  Labor  Statistics  index  of  wholesale  price  of  all  commodities. 
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Summary  No.  llSb 

Woolen  and  Worsted  Goods — 

Consumption 

Method  used.^Thc  factors  related  to  consumption  of  woolen 
and  worsted  goods  are  consumer  income  of  the  current  year  and 
of  the  previous  year  and  a  time  trend.  The  graphical  anaylsis 
indicated  that  the  residuals  obtained  were  related  to  a  two-year 
cycle  and  so  a  third  factor  was  introduced  representing  a  two- 
year  cycle.  The  extrapolated  values  were  unsatisfactory  prin- 
cipally because  the  consumption  figure  used  does  not  take  into 
account  changes  in  stocks. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis  for  the  period  1921-32: 

Consumption  and  related  factors 


Year 

Consumption 
(1929  =  100)' 

Consumer  in- 
come' (percent 
of  current 
year  to  pre- 
vious year) 

2-year  cycle » 

1921    

90.7 
107.9 
119.1 
97.8 
105.7 
97.9 
98.9 
93.3 
100.0 
78.6 
80.6 
72.6 
84.7 
74.3 
91.0 

90.0 
115.4 
112.3 
101.1 
102.9 
102.3 
101.0 
105.0 
105.0 
92.5 
90.4 
85.5 
103.2 
112.0 
105.4 

1 

1922                

0 

1923 

1 

1924                

0 

1925 

1 

1926                

0 

1927 

1 

1928      

0 

1929                  _      . 

1 

1930     

0 

1931 

1 

0 

1933                            

1 

1934                 

0 

1935                            

1 

1  Consumption:  Day-Thomas  index  of  production  of  woolen  and  worsted  goods 
for  census  years,  interpolated  and  extrapolated  with  the  Federal  Reserve  Board  index 
of  textile  production,  adjusted  for  imports  and  exports. 

>  Consumer  income  of  present  year  as  a  percent  of  income  of  previous  year.  See 
table  I  of  this  Appendix. 

1  Cycle:  A  2-year  cycle  represented  by  an  arbitrary  variate  having  the  value  of  1  m 
odd  years  and  0  in  even  years. 

The  formula. — The  formula  obtained  by  using  the  data  for  the 
period  of  the  years  1921-32  is  as  follows: 

Calculated  consumption  = 

(1929=100) 

(consumer  income  percent  of' 
current  year  to  previous  year) 


0.4800 


X 


(0.9880)  v"r-i»2«  (1.076)  "''" '"'" 


The  average  residual  for  the  years  of  the  period  1921-32  is 
2.3  percent,  with  the  maximum  of  —4.7  percent  occurring  in 
1922. 

The  average  residual  for  the  years  of  the  extrapolated  period 
1933-35  is  11.5  percent,  with  the  maximum  of  —21.5  percent 
occurring  in  1934. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  114a 

Cotton  Textiles — Manpower 

Method  used. — The  factors  which  were  related  to  man-hours 
are  an  index  of  production  and  a  time  trend.  The  formula  pre- 
sented below  is  linear;  this  type  has  been  used  instead  of  the 
usual  multiplicative  form  because  the  resulting  fit  would  be 
essentially  the  same  and  the  linear  form  is  much  more  easily 
derived  by  use  of  the  least  squares  criterion. 


The  data. — The  following  table  gives  the  data  used  in  the 
analysis  for  the  years  of  the  period  1920-35: 

Manpower  and  related  factors 


Year 

Man-hours ' 
(1929=100) 

Production  ' 
(1929=100) 

1920 

101.0 
95.  S 
99.6 
114.7 
92.1 
107.0 
104.4 
110.3 
91.0 
100.0 
78.8 
78.  B 
67.4 
81.8 
67.3 
65. 8 

84.3 

1921 

78.3 

1922 

90.8 

1923                      . 

99.6 

1924 

84.5 

1025                                - - 

97.3 

1926 

99.3 

1927                                       

104.9 

1928               

94.0 

1929 

100.0 

1930         

74.3 

1931 - 

73.4 

1932 

67.8 

1933 

85.1 

1934                              

71.8 

1935 

72.8 

'  Preliminary  report  on  Productivily  in  the  Cotton  Ooods  Indiulrv  (National  Research 
Project  of  the  \\'orlis  Progress  Administration).  Based  upon  Bureau  of  Labor  Sta- 
tistics index  of  employment  and  hours  per  week  data  from  Bureau  of  Labor  Statistics 
and  National  Industrial  Conference  Board. 

>  Op.  cit.,  tiivied  upon  censiL's  statistics  on  output  of  30  products  weielitod  by  unit 
value  in  1929  in  odd  years  and  interpolated  by  means  of  Federal  Reserve  Board  Index 
of  cotton  consumption  in  even  years:  interpolation  ba^ed  on  linear  ratios  for  intercensal 
years. 

The  formula. — The  formula  obtained  by  using  the  data  for  the 
years  of  the  period  1920-32  is  as  follows: 

Calculated  man-hours  = 

(1929=100) 

16.3-f0.896  (cotton  textile  production)- 1.714  (year— 1926) 

(1929  =  100) 

The  average  residual  for  the  years  of  the  period  covered,  1920- 
32  is  2.7  percent,  with  the  maximum  of  —6.7  percent  occurring 
in  1928. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  1.0  percent,  with  the  maximum  of  2.1  percent  occurring 
in  1933. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  114b 

Cotton  Textiles — Consumption 

Method  used. —  No  satisfactory  consumption  index  of  cotton 
textiles  is  available.  No  data  are  available  on  stocks.  A  crude 
measure  has  been  used  by  representing  the  consumption  of  cot- 
ton textiles  with  mill  consumption  of  raw  cotton.  The  factors 
related  to  mill  consumption  of  raw  cotton  are:  (1)  Federal 
Reserve  Board  index  of  industrial  production,  (2)  the  price  of 
raw  cotton  deflated  by  general  wholesale  prices,  (3)  the  rate  of 
change  of  cotton  goods  prices — represented  by  the  ratio  of  the 
November  price  of  cotton  goods  of  the  current  year  to  November 
price  of  cotton  goods  of  the  previous  year. 

The  results  of  the  analysis  are  unsatisfactory  because  the 
index  used  to  represent  consumption  was  very  crude.  The  rate 
of  change  in  the  price  of  cotton  goods  was  used  in  order  to  be 
able  to  take  into  account,  in  part,  the  speculative  activity  in 
raw  cotton  and  consequently  the  stocking  up  or  depletion  of 
cotton  goods  by  producers. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 


Patterns  of  Resource  Use 

Consumption  and  related  factors 


Year 

Mill  consump- 
tion of  raw 
cotton  (1923- 
25  =  100)  > 

Index  of  manu- 
facturinc  pro- 
duction (1923- 
25  =  100)  ' 

Deflated 

price  of 

raw  cotlx>n 

(1926=100) ' 

Rate  of  change 
of  cotton  goods 
price  (per- 
centage) • 

1919 

9G 
95 
88 
99 
106 
90 
104 
109 
120 
107 
114 
87 
88 
81 
101 
88 
91 
115 

84 
87 
67 
86 
101 
94 
105 
108 
106 
112 
119 
95 
80 
63 
75 
78 
90 
105 

132.7 
125.2 
88.1 
125.1 
167.0 
168.7 
129.3 
100.0 
104,7 
117.7 
114.5 
89.7 
66.9 
56.7 
74.7 
94.2 
84.8 
85.6 

113  6 

1920 

1921          

80  9 

1922 

104  2 

1923             .      .  . 

107  5 

1924 

93  3 

1925 

1928         

86  2 

1927 

1928 

96.4 

1929 

96  9 

1930 

79  6 

1931                    .  ... 

75  0 

1932 

1933 

160.4 

1934 

98  1 

1935 

101.7 

1936.               

99  6 

1  Federal  Reserve  Board. 

'  Price  of  raw  cotton  N.  Y.  Upland  Middling,  given  in  the  Survey  of  Current  Busi- 
ness, 19.V)  supplenicnt,  deflated  by  Bureau  of  Labor  Statistics  index  of  wholesale 
prices  of  all  commodities. 

'  The  ratio  of  Bureau  of  Labor  Statistics  November  prices  of  cotton  goods  of  current 
year  to  November  prices  of  previous  year. 

The  formula. — The  following  formula  was  cierivetl  using  the 
data  for  1919-32: 

Calculated  consumption  = 

(1923-25  =  100) 

3.002  (0.9897)  >"r-i92o  (industrial  production)  0.6924 y 

(1923-25  =  100) 

(rate  of  change  in  cotton  goods  prices  ti-"2<)  x 
(deflated  price  of  raw  cotton)"""" 

(1926  =  100) 

The  average  residual  for  the  years  of  the  period  1919-32  is 
2.8  percent,  with  the  maximum  of  —9.4  percent  in  1930;  the 
average  residual  for  the  period  1933-36  is  4.8  percent,  with  a 
maximum  of  9.5  percent  in  1936. 

The  amount  of  variation  explained  is  83  percent. 

Summary  No.  115a 

Silk  and  Rayon — Manpower 

Method  used. — Manpower,  measured  in  terms  of  man-hours, 
was  related  to  an  index  of  production  and  time  for  the  period 
1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower   and  related  factors 


Year 

Man-hours  ' 
(millions) 

Production  * 
(1929  =  100) 

1919 

5.76 
5.44 
5.45 
5.44 
5.82 
5.41 
6.21 
5.85 
5.86 
6.01 
0.24 
5.37 
4.84 
3.62 
4.14 
3.74 
4.04 

1920  . 

40  9 

1921.. 

53  3 

1922       

63  6 

1923. 

1924       

63  9 

1925. 

77  0 

1926 

76  4 

1927 

82  5 

1928 

89  1 

1929 

100  0 

1930 

1931 

91.5 

1932 

91  1 

1933 

87.6 

1934 

96  7 

1935 

108.  1 

111 


The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1919-32: 

Calculated  man-hours   = 

(Millions) 

0.3216  (production)  »•«"«»  (1.032-0.0516  (v««r-i926)] 

(1929-100) 

The  average  residual  for  the  years  of  the  jieriod  covered, 
1919-32,  is  6.6  percent,  with  the  maximum  of  —19.7  percent 
occurring  in  1932. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  3.6  percent,  with  the  maximum  of  —6.7  percent 
occurring  in  1934. 

The  amount  of  variation  explained  is  53  percent. 

Summary  No.  115b 
Silk  and  Rayon — 
Consumption 

Method  used. — Consumption  of  silk  and  rayon  was  related  to 
a  geometric  average  of  the  current  and  previous  years'  consumer 
income,  the  consumption  of  the  previous  year,  and  a  time  trend. 
The  correlation  analysis  covered  the  years  1924-32,  as  it  was  felt 
that  the  Census  data  used  did  not  adequately  reflect  the  influence 
of  rayon  prior  to  1924.  An  exponential  form  was  used  for  the 
first  least  squares  solution,  after  which  the  iiartial  regression 
with  respect  to  time  was  fitted  with  a  straight  line  instead  of  the 
usual  exponential  curve. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  1 
(1929=100) 

Consumer  in- 
come, 2  year 

average ' 

(Billions  1936 

dollars) 

Consumption 

previous  year  ' 

(1929=100) 

1924    

64.2 

76.1 
77.0 
83.3 
89.8 

100.0 
91.0 
89.5 
69.6 
85.0 
85.4 

103.7 

65.1 
56.2 
57.7 
58.6 
60.5 
63.8 
02.8 
57.4 
50.5 
47.4 
51.0 
55.4 

67.8 

1925 

1926 

64.2 
76.1 

1927 

77.0 

1928  .... 

83.3 

1929 

1930 

89.8 
100.0 

1931 

1932 

91.0 
89.5 

1933 

1934 

69.6 
85.0 

1935.             

85.4 

1  Computed  by  multiplying  employment  by  average  hours  per  weet.  Employ- 
ment data  are  from  Census  in  odd  years,  interpolated  by  Bureau  of  Labor  Statistics 
index  of  employment  in  even  years;  average  hours  per  week  from  National  Industrial 
Conference  Board. 

2  Based  upon  Day-Thomas  index  nf  production  (V.  S.  Kalesnikof,  Index  of 
Production  of  Manufacturers  Derived  From  Census  Data.  1933.  Journal  of  American 
Statistica}  Association,  vol.  30,  No.  191,  September  I93fs  supplement,  p.  582).    1935 


1  Consumption:  The  Day-Thomas  index  of  production  of  silk  and  rayon  as  ex- 
tended by  Joy  &  Kolesnikof  was  used  for  census  years  1919  to  1933.  For  1935 
census  value  of  products  deflated  by  the  Bureau  of  T>abor  Statistics  inde.v  of  silk  and 
rayon  wholesale  prices  was  sjiliced  at  1933.  This  series  was  then  interpolated  by  the 
man-hours  series  by  the  geometric  mean  of  ratios  of  previous  and  subsetjuent  years. 
An  adjustment  was  then  made  ftjr  imports  and  exports  to  obtain  the  amount  of  silk 
and  rayon  available  for  consumption. 

a  See  table  I  of  this  Appendix;  geometric  average  of  current  and  previous  year  of 
consumer  income. 

The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  period  1924r-32: 

Calculated  consumption  =[0.2704  +  0.02265  (year-:fl26)]x 

(1929  =  100) 

(consumer  income  2-yearY*^^^ 
average  )        (consumption  previous  year)"*-''^^^ 

(Billions  1936  dollars)         / 

The  exponents  being  determined  by  the  first  least  squares 
solution  (including  a  time  exponential);  the  time  factor  being 
determined  from  the  resulting  partial  regression  on  time. 


figure  is  deflated  value  of  product,  Census  of  Manufacturers,  spliced  onto  the  Day- 
Thomas  index  at  1933.  The  even  years  are  interpolated  from  free-hand  regression 
lines  using  an  index  of  silk  production  from  the  Rayon  Organon  1936  (Textile  Eco- 
nomics Bureau.  Inc..  New  York)  representing  deliveries  to  mills  minus  exports. 
Entire  series  adjusted  to  a  1929  base. 


112 


National  Resources  Committee 


The  average  residual  for  the  years  covered  by  the  analysis, 
1924-32,  is  1.6  percent,  with  the  niaxiiiuini  of  2.9  percent 
occurring  in   1930. 

The  average  residual  for  the  years  extrapolated,  1933-35, 
is  3.7  percent,  with  the  maximum  of  5.9  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  97.5  percent. 

Summary  No.  116a 
Rayon — Manpower 

Method  used. — Manpower  in  tlie  rayon  yarn  industry  was 
related  to  the  output  and  a  time  trend.  An  exponential  func- 
tion was  fitted  to  the  data  for  1923-32.  The  time  trend  was 
later  modified  by  substituting  a  free-hand  curve  for  the  expo- 
nential form. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Consumption  and  related  factors 


Year 

Man-hours 
per  week ' 
(thousands) 

Production ' 

(millions  of 

equated  pounds 

of  rayon) 

1923 

683 
730 
934 
1,142 
1,288 
1,506 
1,915 
1,854 
1,808 
1,576 
1,854 
1,725 
1,915 
2,016 

34.50 

1924    

36  33 

1925 

51  94 

1926 

63  05 

1927 

78  38 

1928 

103  90 

1929 

129  10 

1930 

138  73 

1931 

1932 

154  30 

1933 

236  37 

1934 

235  52 

1936 

289.91 

1936 

315  90 

'  Computed  by  multiplying  employment  by  average  hours  per  week.  Employ- 
ment from  census  in  odd  years,  interpolated  by  Bureau  of  Labor  Statistics  employ- 
ment index  in  oven  years.  Average  hours  per  week  are  Bureau  of  Labor  Statistics 
data  for  1032-36,  census  prevailing  hours  in  l*.t29,  straight-line  interpolation  in  1930 
and  1931,  and  assimied  to  be  same  as  in  1920  in  all  prior  years. 

'Derived  from  data  in  Rayon  Organon  (Textile  Economics  Bureau,  Inc..  New 
York).  Represents  output  of  rayon  in  pounds  plus  the  output  of  cellophane  expressed 
i  n  tmits  equivalent  to  pounds  of  rayon. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  1923-33: 

Calculated  man-hours  per  week  = 

(Thousands) 

[-0.4710  +  5.219  (0.8979)  ve.r-i»30]  (production)'  "« 

(Million  pounds) 

Tlie  average  residual  for  the  years  covered  by  the  analysis, 
1923-32,  was  4.5  percent,  with  a  maximum  of  —7.6  percent 
occurring  in  1928. 

The  average  residual  in  the  extrapolated  years,  1933-36,  was 
7.6  percent  with  a  maximum  of  — 15.0  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  116b 
Rayon — Consumption 

Method  used. — The  consumption  of  rayon  was  related  to  a 
time  trend  and  a  2-year  cyclical  factor.  An  exponential  rela- 
tionship was  fitted  to  the  data  for  the  years  1925-32. 

The  data. — The  following  table  give*  the  data  used  in  the 
analysis: 


Year 

Kayon  con- 
sumption ' 
(million 
pounds) 

2-year  cycl« 

1925 

58.3 
60.6 
100.0 
100.1 
131.4 
118.0 
157.4 
152.0 
211.9 
199.8 
252.7 
297.6 

10 

1926 

1 

1927 

10 

1928 

1 

1929 

10 

1930 

1 

1931 

ID 

1932 

1 

1933 

10 

1934 

1 

1935 

10 

1936 

1 

'Rayon  Organan  (Textile  Economics  Bureau,  Inc.,  New  York),  February  1936. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1925-32: 

Rayon  consumption  = 
(Million  pounds) 

102.8  (1.167)><-"-""  [1.0995  +  0.0995  (-l)y'-i»:»] 

The  average  residual  for  the  period  1925  to  1932  is  7.9  per- 
cent, with  a  maximum  of  14.4  percent  occurring  in  1928. 

The  average  residual  for  the  period  1933-35  is  8.9  percent, 
with  a  maximum  of  —18.2  percent  occurring  in  1935. 

Tlie  amount  of  variation  explained  is  93  percent. 

Summary  No.  1 18a 
Knit  Goods — Manpower 

Method  used. — The  factors  which  were  related  to  man-hours 
are  production  of  knit  goods  and  a  time  trend,  using  the  data  for 
the  years  1919-32.  An  exponential  relation  was  fitted,  tlie  time 
factor  being  subsequent!}-  modified. 

The  data. — The  following  table  gives  the  data  u.«ed  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours ' 
(1929=100) 

Production  ' 
(1929  =  100) 

1919 

81.1 
81.5 
76.3 
91.2 
90.7 
77.1 
84.8 
85.3 
90.1 
89.7 

100.0 

83.2 
75.7 
73.0 
76.3 
68.9 
76  4 

52.9 

1920 

58.5 

1921 

59.8 

1922 

73.0 

1923 

73.9 

1924 

66.9 

1925 

78.1 

1928 

78.9 

1927 

83.7 

1928 - 

86.6 

1929 

100.0 

1930 

91.6 

1931 

91.1 

1932        

95.4 

1933 

105.7 

1934                        ...  .                                 

98.7 

1935 

111.2 

'  Computed  by  multiplying  Bureau  of  Labor  Statistics  employment  index  by 
National  Industrial  Conference  Board  average  hours  jx'r  week  and  adjusting  to  1929 
base.  . 

'  Data  for  odd  vcars  from  preliminary  report  on  Productivity^  in  the  Knit  Goods 
Industry  (National  Research  Project  of  the  Works  Progress  .\dministration).    Inter- 

f)oIation  for  even  years  based  on  assumption  of  linear  movement  of  productivity  in 
ntercensail  years. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919-32; 

Calculated  man-hours=0.4192  (0.9471)>'"-'««X 

(1929=100) 

(production) '"5" 

(1929=100) 
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The  scatter  about  the  time  trend  was  such  as  to  indicate  that 
a  minor  modification  was  called  for.  Accordingly,  when  the 
trend  was  modified  the  resulting  formula  was: 


The  dala- 
analj'sis: 


Calculated  man-hours=1.1297X 

(1929=100) 

-0.05425  +  0.2802  (0.9548)  y"'-!':-] 
(production)  '-^isi* 

(1929=100) 


X 


The  average  residual  for  the  years  of  the  period  covered, 
1919-32,  is  3.3  percent,  with  the  maximum  residual  of  6.2  percent 
occurring  in  1928. 

The  extrapolated  values  for  the  years  1933-35  are  very  close; 
the  average  residual  for  these  years  is  2.3  percent,  with  the  maxi- 
mum of  —4.4  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  79  percent. 

Summary  No.  118b 

Knit  Goods — Consumption 

Method  used. — The  factors  related  to  the  consumption  of  kuit 
goods  were  consumer  income  and  a  time  trend.  Price  relative 
to  textiles  and  to  cost  of  living  was  tried  but  seemed  to  contribute 
little  or  nothing  to  the  net  relationships.  The  effect  of  price  was 
probably  accounted  for  by  the  consumer  income  and  time  trend 
factors.  An  exponential  relationship  was  fitted  to  the  data  for 
the  years  1924-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption ' 
(1929=100) 

Consumer  in- 
come » (biUions, 
1936  dollars) 

1924        - 

64.8 
75.4 
76.6 
81.5 
84.7 

100.0 
91.0 
90.4 
94.9 

105.2 
98.1 

110.7 

55.4 

1925                                             _ 

57.0 

1926            - - 

58.3 

1927  

68.9 

1928         .                --- 

62.2 

1929                                                              

65.3 

1930                          

60.4 

1931                     .                                             

54.6 

1932                   

46.7 

1933  -  

48.2 

54.0 

1935  

56.9 

'  Derived  by  adjusting  index  of  production  obtained  from  the  National  Research 
Project  (preliminary  data)  by  the  value  of  exports  and  imports  as  given  in  Stalislkal 
Abstracts  (Department  of  Commerce). 

^  See  table  lof  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1924  to  1932: 

Calculated  consumption=10.431  (1.051)""-"28x 

(1929=100) 

(consumer  income)  "■'"' 
(Billions  of  1936  dollars) 

The  average  residual  for  the  years  1924  to  1932  is  3.5  percent, 
with  t.ie  maximum  6.4  percent  occurring  in  1929. 

The  consumption  of  knit  goods  for  each  of  the  years  1933,  1934, 
and  1935  was  calculated  from  the  formula.  The  average 
residual  for  the  3  years  was  7.8  percent,  with  a  maximum  of 
—  9.9  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  88  percent. 

Summary  No.  119a 

Wearing  Apparel — Manpower 

Method  used. — Man-hours  was  related  to  the  deflated  value  of 
output  and  a  time  trend.  An  exponential  relationship  was 
fitted  to  the  data  for  the  years  1919-32  (1920,  1922,  and  1924 
were  omitted  because  of  lack  of  data) . 


-The  following  table  gives  the  data  used  in  the 


Manpower  and  related  factors 


Year 

Man-hours 
per  week  ' 

(millions) 

Deflated  value 

of  output ' 

(billions  of  1926 

dollars) 

1919                                    

23.51 
21.88 
23.07 
21.38 
21.57 
22.83 
23.26 
24.20 
20.99 
18.61 
15.32 
16.46 
16.62 
18.02 

2.616 

1921        

1.811 

1923                                               

3.168 

1925         

3.048 

1926 

3.200 

1927       

3.541 

1928 

3.640 

1929        

3.939 

1930  

3.580 

1931                 

3.279 

1932 

2.700 

1933                 

2.490 

1934          • 

2,730 

1935                        

2.955 

•  Computed  by  multiplying  employment  by  average  hours  per  week.  Wage 
earners  from  the  Census  of  Manufactures  for  odd  years,  interpolated  by  the  employ- 
ment index  of  the  Bureau  of  Labor  Statistics  in  even  years.  Average  hours  per 
week  were  obtained  from  the  Bureau  of  Labor  Statistics  for  1932-36,  from  Census 
prevailing  hours  for  1921,  1923,  and  1929,  and  by  straight-line  interpolation  for  other 
years. 

'  Value  of  output  was  obtained  from  the  Census  of  Manufactures  for  odd  years; 
1926,  1928,  1930.  and  1932  were  interpolated  using  the  gross  income  of  clothinR  manu- 
facturing corporations  as  given  in  .'ilatislks  of  Income  (Bureau  of  Internal  Ki'Vi'nue); 
1934  was  iuteriiolatcd  by  the  consumer  income  scries.  This  scries  was  dcllalcd  by 
a  price  index.  For  1926-3('.  the  Bureau  of  Labor  Statistics  clothing  jiricc  index  was 
used;  for  1919-25  the  clothing  price  was  estimated  on  the  biusis  of  the  relation  between 
the  clothing  index  and  the  Bureau  of  Labor  Statistics  textile  price  index  for  192f>-.36. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1919-32: 

Calculated  man-hours  per  week=  12.367  (0.9666)  ""-'»"x 

(Millions) 

(value  of  output)"™" 

(Billions  1926  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1919-32,  is  5.2  percent,  with  the  maximum  of  1 1.0  percent  occur- 
ring in  1921. 

The  average  residual  for  the  extrapolation  years,  1933-35, 
is  5.8  percent;  with  the  maximum  of  15.0  jiercent  occurring 
in  1935. 

The  amount  of  variation  explained  is  77  percent. 

Summary  No.  U9b 

Wearing  Apparel — Consumption 

Method  used.- — Consumption  was  related  to  the  average  of 
consumer  income  for  the  current  and  previous  year.  An  ex- 
ponential relationship  was  fitted  to  the  data  for  the  years  1924-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  > 
(millions  of 
1926  dollars) 

Consumer  in- 
come average 
current  and 
previous  year ' 
(billions  of  1936 
dollars) 

1924                                  - 

2,780 
3.125 
3,219 
3,561 
3,655 
3,952 
3,588 
3,286 
2,708 
2,499 
2,740 
2,965 

55.1 

,16.2 

1926                                 

57.6 

58.6 

1928                                  

60.6 

1929                 

63.8 

1930 

62.8 

1931      

57.6 

1932                             _ 

60.6 

1933                - 

47.4 

1934                                    

51.1 

1935        J.    

55.4 

'  Production  index  adjusted  for  imports  and  exports. 
No.  119a. 
'  See  table  I  of  this  Appendix. 


See  footnote  2,  summary 
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The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1924-32: 

Calculated  consumption  = 
(Millions  or  1926  dollars) 

3.663  (consumer  income  average  current  and  previous  year)  '■"" 
(Billions  or  1936  dollars) 

The  average  residual  for  the  years  1924-32  is  3.3  percent, 
with  a  maximum  of  —8.2  percent  occurring  in  1924. 

The  average  residual  over  the  extrapolated  period,  1933-35, 
is  4.0  percent,  with  a  maximum  of  6.1  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  87  percent. 

Summary  No.  120a 

Dyeing  and  Finishing — Manpower 

Method  used. — The  number  of  wage  earners  was  related  to  the 
Federal  Reserve  Board's  index  of  production  and  a  time  trend. 

Data  used.- — The  following  table  presents  the  data  used  in  the 
analysis- 

Manpower  and  related  factors 


Manpower  and  related  factors 


Year 

Wago  earners  > 
(ihousands) 

Industrial 
production  > 
(1923-25= ICO) 

1921      

51.6 
54.9 
63.4 
61.1 
70.7 
72.1 
73.8 
74.8 
79.3 
73.0 
67.6 
60.5 
66.3 
72.9 
74.7 

67 

1922 

85 

1923 

101 

1924 

95 

1925 

104 

1926          .                  . 

108 

1927 

106 

1928      .  . 

111 

1929 

119 

1930                                                                             

96 

1931 

81 

1932 - 

64 

1933 

76 

1934 

79 

1935 

90 

1  Censit.^  of  Manufactures  data  in  odd  years,  interpolated  by  means  of  Bureau  of 
Labor  Statistics  index  of  employment  in  oven  years. 
'  See  table  I  of  this  Appendix. 

The  formula — The  following  formula  was  obtained  by  analysis 
of  the  data  for  the  years  of  the  period  1921-32: 
Calculated  wage  earners = 

(Thousands) 
5.42  (1.023)  J-"'-":'  (industrial  production)  °«o 

(1923-25=100) 

The  average  residual  for  the  years  of  the  period  covered,  1921- 
32,  is  2.4  percent  with  the  maximum  of  4.9  percent  occurring 
in  1921. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  3.5  percent,  with  the  maximum  of  —5.3  percent  oc- 
curring in  1935. 

The  .amount  of  variation  explained  is  05  percent. 

Summary  No.  120.1a 
Other  Textiles — Manpower 

Method  used. — Man-hours  was  related  to  the  deflated  value  of 
output  and  a  time  trend.  An  exponential  relation  was  fitted 
to  the  data  for  1923-32,  and  the  time  trend  factor  was  subse- 
quently modified. 

The  Data. — The  following  table  gives  the  data  used  in  the 
analvsis: 


Year 

Man-hours  per 
week  '  (mil- 
lions) 

DeQated 
value  of  out. 
put  >  (millions 
of  1926  dol- 
lars) 

1923 

7.71 
6.51 
7.17 
7.27 
7.79 
7.73 
8.19 
C.49 
5.93 
4.06 
6.08 
4.80 
6.  ,'.8 
6.24 

1.144 

1924 

983 

1925 

1,114 

1926 

1,125 

1927 

1,239 

1928 

1,221 

1929 

1,372 

1930 

1,039 

1931 

1,029 

1932 

844 

1933 

914 

1934 

890 

1935 

1,207 

1936 

1,298 

'  Wage  earners  were  obtained  from  the  Census  of  Manufacturers  for  odd  years, 
even  years  from  1924-34  were  interpolated  using  an  average  of  Bureau  of  Labor 
Statistifs  employment  ind<'\t'S  for  dyeing  and  finishing  fur  felt  hats,  and  all  textiles. 
Average  hours  per  week  were  estimated  from  Census  prevailing  hours  for  1919,  1921 
1923.  and  1U29,  and  Bureau  of  Labor  Statistics  averace  hours  data  for  1932  through  1936. 

*  For  odd  years  the  value  of  output  from  the  Census  of  Manufactures  was  deflated 
by  a  price  index  computed  l)y  weighting  equally  the  Bureau  of  Labor  Statistics  in- 
dexes for  "other  textiles"  and  "all  textiles."  The  .serie.=  so  obtained  was  interi>olated 
(or  even  years  using  the  Federal  Reserve  Board  index  of  textile  activity. 

The  formula. — The  following  formula  involving  a  modification 
of  the  time  trend  was  derived  from  the  data  for  the  period 
1923-32: 

Calculated  man-hours  per  week= 
(Billions) 

[8.384-2.211  (1.059)  y"r-i928]  (deflated  output)  ' ■»♦" 

(Billions  of  1926  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis  is 
1.4  percent  with  a  maximum  of  5.5  percent  occurring  in  1930. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
4.6  percent,  with  a  maximum  of  —9.9  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  97.5  percent. 

Summary  No.  120.1b 

Other  Textiles — Consumption 

Method  used. — The  deflated  value  of  the  consumption  of  other 
textiles  was  related  to  the  Federal  Reserve  Board  index  of  in- 
dustrial production,  the  average  of  the  real  price  for  the  current 
and  previous  years,  and  a  2-year  cycle  *  factor.  .\n  exponential 
relationship  was  fitted  to  the  data  for  the  years  of  the  period 
1922-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption 

deflated  value  > 

(millions  of 

1926  dollars) 

Industrial 
production ' 
(1923-6=100) 

Real  price  2- 

year  average  • 

(1929=100) 

1922                     

1,093 

1. 271 

1.103 

1.244 

1,287 

1,392 

1,374 

1.533 

1.166 

1.113 

904 

9.S3 

958 

1.289 

85 
101 
95 
104 
108 
106 
111 
119 
96 
81 
64 
76 
79 
90 

84.6 

1923 

91.0 

1924         

96.3 

1925 

99.1 

1926 

98.7 

1927                     .  

100.8 

1928.. 

100.1 

1929              

97.5 

1930 

95.7 

1931 

95.9 

1932                

95.8 

1933.. 

99.5 

1934 

100.8 

1935                                 . 

92.3 

>  The  deflated  value  of  net  imports  was  added  to  the  production  series  as  used  in  the 

manpower  analysis  (see  summary  No.  120.1a). 

'  Data  from  table  I  of  this  .\ppendix. 

"  2-vear  average  relative  price:  The  average  of  the  Bureau  of  Labor  Statistics  price 
indexes  (or  all  textiles  and  other  textiles  enually  weighted  was  deflated  by  the  Bureau 
of  Labor  Statistics  index  of  wholeside  prices;  the  average  of  tlie  current  and  preceding 
year  was  then  taken. 


*  2-year  cycle  with  the  value  10  in  even  years  and  1  in  odd  years. 
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The  formula. — The  following  foruuila  was  derived  from  the 
data  for  the  years  1922-32: 

Calculated  consumption  =  (0.1 807 +  0.003741  (-l)>'"r-i92;)x 
(Billions  of  1920  dolliirs) 

(1.0113)>'«"~'»2"X 
(real  price — 2  year  average)  -o*"*       (industrial  production)"'"" 

(1929=100)  (1923-25=100) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1922-32,  is  2.2  percent,  with  the  maximum  of  —5.4  percent 
occurring  in  1930. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
6.5  percent,  with  tlie  inaxiinmn  of  —  10.2  percent  occurring  in 
1934. 

'I'lio  amount  of  variation  explained  is  95  percent. 

Summary  No.  121a 

Paper  and  Pulp — Manpower 

Method  used. — Man-hours  was  related  to  production  and  a  time 
trend  for  the  years  of  the  period  1919-32. 

The  data. — The  following  table  presents  the  data  used  in  the 
analysis : 

Manpower  and  related  factors 


Year 

Man-hours  per 
week  >  (millions) 

Production ' 
(1929=100) 

1919                                                  .      .  . 

5.82 
6.68 
5.18 
5.76 
8.25 
5.86 
6.35 
6.64 
6,35 
6.19 
6.67 
6.08 
4.77 
4.07 
4.39 
4.51 
4.91 

58  2 

1920 

66.2 

1921 

50.8 

1922 

e.').  4 

1923 

73.2 

1924 

72. 1 

1925, _ 

82.2 

1926 

88.4 

1927 - -. 

89.5 

1928 

93.2 

1929 

100.0 

1930 

92.1 

1931 

85.5 

1932 

72.9 

1933 

83.7 

1934 

84.5 

1935 

95.8 

1  Computed  by  multiplying  employment  by  averasre  hours  per  week.  Employ- 
ment data  are  from  Census  of  Manufactures  in  odd  years,  interpolated  by  Bureau  of 
Labor  Statistics  inde.x  of  employment  in  even  years,  .\verage  hours  per  week  data 
arc  from  National  Industrial  Conference  Board.  Wages,  Hours,  and  EvLplayment  in 
the  United  States,  191^-16,  pp.  132-135;  fipure  for  1919  extrapolated  by  linear  trend  from 
data  tor  1920-29. 

'  Derived  from  production  data  in  Census  of  ^lanufactures  and  Surrey  of  Current 
Business.  Census  data  for  pulp  production  interpolated  by  Survey  of  Current  Business 
data  on  paper  production.  The  index  of  production  for  paper  and  pulp  was  con- 
structed by  combinintr  the  .Surrey  of  Current  liusiness  series  for  paper  production  and 
the  above  series  for  wood  pulp  production  with  1929=100,  each  series  being  weighted 
by  the  average  of  the  unit  values  for  the  census  years  1921  to  1933  inclusive. 

The  formula. — The  following  formula  was  obtained  using  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  man-hours  per  week  = 
(Millions) 


0.0824  (0.9545) » 


-1926  (production)""" 

(1929=100) 


The  average  residual  for  the  years  of  the  period  covered, 
1919-32,  is  2.8  percent,  with  the  maximum  of  fi.9  percent  occuring 
in  1930. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  3.8  percent,  with  the  maximum  of  4.9  percent  occur- 
ring in  1935. 

The  amount  of  variation  explained  is  93  percent. 

Summary  No.  121b 

Paper  and  Pulp — Consumption 

Method  used. — Consumption  of  paper  and  pulp  was  related  to 
an  index  of  consumer  income  and  production  combined,  and  a 
time  trend.     The  additive  form  was  fitted  in  this  case  because 


the  graphical  analysis  indicated  that  a  better  fit  would  result 
than  that  given  by  the  usual  exponential  formula. 

The  data. — The  following  table  presents  the  data  used  in  the 
analysis  for  the  years  of  the  period  1919-32: 

Consumption  and  related  factors 


Year 

Paper  con- 

simiption  ' 

(ten  thousand 

net  tons) 

Index  of  con- 
sumer income 
and  production* 
(1923-25=100) 

1919    

649 

786 

60S 

800 

934 

924 

1,059 

1,181 

1.192 

1.245 

1,335 

1,225 

1,123 

960 

1,088 

1,121 

1,262 

1.435 

84 

1920 

86 

1921     

72 

1922 

86 

1923     

100 

1924 

97 

1925 

103 

1926 

106 

1927 .... 

100 

1928          .  .          .            

112 

1929 

118 

1930    

102 

1931 

90 

1932        

74 

1933 

81 

1934      

88 

1935 

96 

19.36      

110 

'  Agricultural  Statistics,  U.  S.  Department  of  Agriculture,  1936,  p.  380;  1937,  p.  439. 

1  Combined  index  of  consumer  income  in  billions  of  1930  dollars  (see  table  I  of  this 
Appendix)  expressed  as  an  index  (1923-25=100;,  plus  the  Federal  Reserve  index  of 
industrial  production  (see  table  I  of  this  Appendix). 

The  formula. — The  following  formula  was  obtained  using  data 
for  the  }'ears  of  the  period  1919-32: 

Calculated  paper  consumption  = 

(Ten  thousand  net  tons) 

573-1-11  (average  industrial  production  and  consumer  income)  — 

(1923-25=100) 

533.33  (0.9491)>"'"-"29 

The  average  residual  for  the  years  of  the  period  covered,  1919- 
32,  is  2.0  percent,  with  the  maximum  of  —6.2  percent  occurring 
in  1924. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  1.5  percent,  with  the  maximum  of  3.0  percent 
occurring  in  1933. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  122a 

Lumber  and  Millwork — Manpower 

Method  used. — The  factors  which  were  related  to  manpower 
are  production  of  lumber  and  time.  The  rclatiiui  was  expres-sed 
by  an  exponential  function. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours 
per  week  i 
(millions) 

Production  ' 
hundred 
(millions 

of  feet,  board 
measure) 

1920                        

25.7 
21.6 
28.5 
29.6 
28.3 
28.4 
27.1 
24.4 
23.8 
2,3.7 
16.6 
10.1 
7.0 
8.0 
9.5 
11.9 

350 

1921 

290 

1922                  

253 

1923 

410 

1924           

398 

1925                                    ...  .* 

410 

1926            

398 

1927                               

373 

1928      

368 

1929                             

369 

1930 

261 

1931.                                   

165 

1932 

102 

1933               

140 

1934                                                                  

155 

1936-,.-, - 

170 

'  Computed  from  Bureau  of  Labor  Statistics  employment  figures  adjusted  to  1935 
census  and  National  Industrial  Conference  Board  actual  hours  per  week. 

'  Lumber  Industry  Market  Research  Series  lOi,  Department  of  Agriculture  (U.  S. 
Forest  Service). 
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The  formula. — The  following  formula  was  derived  by  correla- 
tion analysis  using  the  data  for  the  years  of  the  period  1920-32: 


National  Resources  Committee 


0.1028  (0.9792)" 


Calculated  man-hours  = 
(Millions  per  week) 

-H2«  (production)"  »2»«5 

(Hundred  millions  effect  board  measure) 


The  average  residual  for  the  years  of  the  period  1920-32  is  2.6 
percent,  with  the  maximum  of  9.2  percent  occurring  in  1922. 

The  average  residual  for  the  extrapolated  period  1933-35  is 
7.8  percent,  the  maximum  of  14.4  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  98.5  percent. 

Summary  No.  122b 

Lumber  and  Millwork — Consumption 

Method  used. — Consumption  of  lumber  was  related  to  the 
Federal  Reserve  Board  index  of  industrial  production  and  a  time 
trend  for  the  period  1925-32.  The  additive  farm  was  used  to 
fit  the  data  because  the  graphical  analysis  indicated  that  a 
better  fit  would  result  than  that  given  by  the  usual  power 
formula. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  ' 

(hundred 

millions 

board  feet) 

Industrial 
production  ' 
(1923-25=100) 

1925 

395 

381 
351 
354 
333 
233 
178 
117 
145 
145 
172 

104 

1926                                             

108 

1927 

106 

1928                                   

111 

1929 

119 

1930            . 

96 

1931 

81 

1932                        

64 

1933 

76 

1934                                                 

79 

1935 

90 

1  Department  of  Commerce,  Bureau  of  Foreign  and  Domestic  Commerce. 
Lumber  Influjitry  (Market  Researcli  Report  No.  104). 
'  Data  from  table  I  of  tiiis  Appendix. 


The 


The  formula. — The  foIlo\\'ing  formula  was  derived  from  the 
data  for  the  years  1925-32: 


Calculated  consumption  = 
(Hundred  millions  board  feet) 


=2.963  (industrial  production) -|- 

(1923-5=100)  ' 


96.1  (0.8279)>'"'-'««- 136.2 

The  average  residual  for  the  years  1925-32  is  2.8  percent,  with 
the  maximum  of  8.5  percent  occurring  in  1928. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
3.0  percent  with  the  maximum  of  3.5  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  123a 

Paper  Products — Manpower 

F  Method  used. — Man-hours  is  related  to  the  deflated  value  of 
output  and  a  time  trend.  An  exponential  relationship  is  fitted 
to  the  data  for  the  years  1919-20  and  1922-32. 

The  data.^Thc  following  table  gives  the  data  used  in  the 
analysis: 


Manpower  and  related  factors 


Year 

Man-hours 
per  week ' 
(thousands) 

Output  ' 
(.Millions  of 
1926  dollars) 

1919                                        

4.444 

4.586 
3.210 
4,349 
4.681 
4,606 
4,629 
4,748 
4,791 
4,850 
5,215 
4,716 
4,040 
3,440 
3.608 
3,778 
4,  LW 
4,643 

401.7 

1920 

464.0 

1921                        

375.8 

1922 

466.2 

1923 

534.6 

1924 

531.7 

1925                            

546,5 

1926 - 

634.3 

1927                 

690.7 

1928 — 

711.3 

1929 

779.7 

1930 

679.8 

1931 

639.9 

1932 

566.0 

1933      

622.8 

1934 

674.2 

193S             

805.2 

1936 

934.2 

'  Computed  by  multiplyinc  employment  by  average  hours  per  week.  Wagi"  earn- 
ers are  obtaim-d  from  the  Crristts  of  Manufactures  for  odd  years.  For  even  years  the 
Index  of  employment  of  the  Xational  Industrial  Conference  Board  is  used  to  inter- 
polate. Average  hiiurs  tier  week  for  1920-36  are  from  the  National  Industrial  Con- 
ference Board.  For  1919  a  rough  estimate  was  made,  based  on  Census  prevailing 
hours. 

'  Value  of  output  from  the  Census  is  deflated  by  the  index  of  paper  and  pulp  prices 
of  the  Bureau  of  Labor  Statistics  as  given  in  the  ^urre]/  of  Cvtrent  Business.  The 
even  years,  1922-36.  arc  obtained  by  interpolating  with  the  monthly  shipments  of 
paper  board  reported  in  the  Survey  of  Current  Business.  1920  was  interpolated  with 
the  Federal  Reserve  Board  index  of  paper  and  printing  activity. 

The  formula. — The  following  formula  was  derived  by  using  the 
data  for  the  years  1919-20  and  1922-32: 

Calculated  man-hours  per  week=28.52  (0.9642)>««'-'»"X 

(Thousands) 

(output)""'" 
(Millions  1926  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis 
1919-20  and  1922-32,  is  2.4  percent,  with  a  maximum  of  6.8 
percent  occurring  in  1930.  The  average  residual  for  the  extra- 
polated years,  1933-36,  is  1.5  percent,  with  a  maximum  of 
—  2.4  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  89  percent. 

Summary  No.  123b 

Paper  Products — Consumption 

Method  u.^ied. — Consumption  of  paper  products  was  related  to 
consumer  income  and  a  time  trend.  An  exponential  relationship 
was  fitted  to  the  data  for  the  years  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 

analysis: 

Consumption  and  related  factors 


Year 

Consumption 

(deflated  value: 

millions  of  1926 

dollars)! 

Consumer 
income  (bil- 
lions of  1936 

.  dollars)! 

1919  

401.7 
464.0 
375.8 
466  2 
534.6 
.Wl.? 
546.5 
634.3 
690.7 
711.3 
779.7 
679.8 
639.9 
566.0 
622.8 
674.2 
8^.2 
934.2 

46.6 

47.0 

1921                                .  

42.3 

48.8 

1923                     ..     .  

M.S 

1924       

55.4 

1925 

.W.O 

1926                               .  - 

58.3 

1927          

58.9 

1928                     

62.2 

1929 

65.3 

1930                     

60.4 

1931                                   . 

54.6 

1932             

46.7 

1933                              

48  2 

1934 

iV4.0 

1935                          

56.9 

1936                                     

63.9 

1  Consumption  assumed  equal  to  production, 
production— manpower. 
'  See  table  I  of  this  Appendix. 


See  summary  No.  123a,  Paper 
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The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1919-32: 


Calculated  consumption  =6. 761  (1.0235)>''»^ 

(-Millions  1926  dollars) 

(consumer  income)'""' 

(Billions  1936  dollars) 


«x 


The  average  residual  for  the  years  covered  by  the  analysis, 
1919-32,  is  3.0  percent,  with  a  maximum  of  9.3  percent  in  1920. 

The  average  residual  for  the  extrapolation  years,  1933-36,  is 
5.7  percent,  with  a  maximum  of  8.1  percent  in  1935. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  124a 

Furniture  and  Related  Products — 

Manpower 

Hfethod  used. — Man-hours  was  related  to  production  and  a 
time  trend.  A  linear  formula  with  an  additive  exponential 
time  trend  was  fitted  graphically.  The  fit  obtained  with  the 
use  of  this  tyjje  of  foruuila,  although  not  too  good,  was  somewhat 
better  tlian  that  given  by  the  usual  exponential  type  of  formula 
and  so  the  additive  formula  is  given  below. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hour 
(millions)' 

Deflated  value 

of  output 

(millions  1926 

dollars) ' 

1919 - - 

7.22 
7.55 
5.73 
7.40 
8.36 
8.00 
8.85 
9.34 
9.24 
8.89 
9.34 
6.72 
6.23 
3.63 
3.89 
4.00 
5.22 

506 

1920          

483 

1921- 

424 

1922          

579 

1923- - - 

666 

1924     

669 

1925 - 

831 

1926 

<)55 

1927 _ 

906 

1928 

959 

1929 - 

99? 

1930                     

702 

1931 

548 

1932 

387 

1933 

396 

1934 

397 

1935  .                                                 .                        .  - 

,"i49 

1  Compute'1  by  multiplying  employment  by  average  hours  per  week.  Wage 
earners  obtained  from  the  Census  of  Manufactures  for  odd  years;  even  years  inter- 
polated using  the  Bureau  of  Labor  Statistics  employment  index.  Average  hours 
per  week  for  ly^a-'iO  are  from  the  Bureau  of  Labor  Statistic^?;  for  1920-31  from  the 
National  Industrial  Conference  Board;  for  1919  obtained  by  spHcing  Census  prevailing 
hours  at  1923;  for  1032  an  average  of  Bureau  of  Labor  Statistics  and  National  Industrial 
Conference  Board  data  is  used. 

*  Value  of  products  for  odd  years  obtained  from  the  Census  and  interpolated  in 
even  years  using  the  Seidman  &  Seidman  index  of  furniture  manufactures;  the  result- 
ing series  is  dellated  by  the  Bureau  of  Labor  Statistics  furniture  price  index,  1920 
value  of  products  was  interpolated  using  the  average  shipments  per  firm  in  the 
southeastern  district,  compiled  by  the  Southern  Furniture  Manufacturers  Associa- 
tion as  given  in  the  1932  Supplement  of  the  Survey  of  Current  Business. 

The  formula. — The  following  formula  was  derived  from  the 

data  for  1919-32: 

Calculated  man-hours  = 
(Millions  per  week) 

0.00878  (production  deflated  value) +  1.67  (0.8918)>"'-'««-0.507 
(Millions  1926  dollars) 

The  average  residual  for  the  years  1919-32  is  4.2  percent, 
with  the  maximum  of  8.6  percent  occurring  in  1923. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
6.7  percent  with  the  maximum  of  9.3  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  124b 

Furniture  and  Related  Products — 

Consumption 

Method  Used. — The  consumption  in  this  segment  is  taken  to 
be  the  same  as  production  since  data  on  stocks  are  not  available. 


Consumption  is  related  to  consumer  income,  deflated  value  of 
construction,  and  a  time  trend.  An  exponential  formula  was 
fitted  to  the  data  for  the  years  1919-32. 

The  data. — The  following  table  shows  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  ' 

(mUlions  1926 

dollars) 

Consumer  » 
income 

(billions  1936 
dollars) 

Construction,* 

deflated  value 

(billions  1929 

dollars) 

1919  ... 

506 
483 
424 
579 
666 
669 
831 
955 
906 
959 
998 
702 
548 
387 
396 
397 
549 

46.6 
47.0 
42.3 
48.8 
M.8 
55.4 
67.0 
58.3 
58.9 
62.2 
65.3 
60.4 
64.6 
46.7 
48.2 
54.0 
56.9 

3.06 

1920 

2.56 

1921 

2.89 

1922 

4.65 

1923 

4.33 

1924 

4.94 

1925 

6.66 

1926 

7.06 

1927..   ...•. 

6.93 

1928 

7.51 

1929  

6.44 

1930 

6.26 

1931 

3.86 

1932 

1.85 

1933 

1.76 

1934 

2.06 

1935 

2.42 

'  Census  riKures  in  value  of  furniture  and  related  products  dediited  by  the  wholesale 
price  of  furniture.  The  noncensus  year  values  are  interpolated  by  an  index  of  furni- 
ture production  nivcn  in  Dcijartment  of  Commerce  .Marltctintr  Research  Division, 
Furniture  Manufacturittg  WtiotesaU;  July  1937  ba,scd  on  data  furnished  by  Seidman 
&  Seidman. 

'  See  table  I  of  this  Appendix. 

'  See  data  given  in  summary  No.  500a. 

The  formula. — The  following  formula  was  derived  using  the 
data  for  the  years  of  the  period  1919-32. 

Calculated  consumption  =2.335    (0.9901  )»'••'- i»2«X 

(Millions  1926  dollars) 

(consumer  incoine)'-2«35    (construction  output)"-"'^ 
(Uillions  1936  dollars)  (Millions  1929  dollars) 

The  average  residual  for  the  period  1919-32  is  4.7  percent, 
with  the  maximum  of  9.9  percent  occurring  in  1926. 

The  average  residual  for  the  extrapolated  period,  1933-35, 
is  9.5  percent,  with  the  maximum  of  — 10.6  percent  occurring  in 
1934. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  125a 
Miscellaneous  Lumber  Products — 
Manpower 

Method  used. — Man-hours  was  related  to  industrial  production 
and  a  time  trend  for  the  years  of  the  period  1925-32. 

The  data. — The  following  table  gives  the  data  used  in  the 

analysis: 

Manpower  and  related  factors 


Year 

Man-hours 
per  week  ' 
(millions) 

Industrial  pro- 
duction " 
(19-23-1925  =  100) 

1925          -- 

6.98 
7.21 
7.10 
7.18 
7.38 
.■1.96 
4.95 
3.69 
4.19 
4.28 
5.31 
6.21 

104 

108 

1927                                                   

106 

111 

1929                                           

119 

96 

1931 

81 

1932       -- 

64 

1933 

76 

1934 -- 

79 

1935                              

90 

1936    - --- 

105 

I  Computed  by  multiplying  employment  by  hours  per  week.  Employment  is 
Census  data  interpolated  by  Bureau  of  Labor  Statistics  indexes.  Hours  per  week 
are  computed  from  Census  prevailing  hours  in  1919. 1921. 1923.  and  1929;  data  for  1932- 
36  are  from  Bureau  of  Labor  Statistics;  other  years  are  straight  line  interpolations. 

'  Federal  Reserve  Board.    See  table  I  of  this  Appendix. 
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The  formula. — The  following  formula  was  obtained  by  using 
the  data  for  the  years  of  the  period  1925-32: 

Calculated  man-hours  = 

(Millions  per  week) 

0.0o344  (0.9812)>'"'-"=»  (industrial  production) '•<"" 

(1923-25=100) 

The  average  residual  for  the  years  of  the  period  covered, 
1925-32,  is  1.3  percent,  with  the  maximum  of  —2.3  percent 
occurring  in  1929. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  5.6  percent,  with  the  maximum  of  7.3  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  99.3  percent. 

Summary  No.  126a 

Printing  and  Publishing 

(Newspaper  and  Periodical) — Manpower 

Method  used. — Man-liours  in  the  industry  was  related  to  pro- 
duction and  a  time  trend.  A  modified  exponential  relationship 
was  fitted  to  the  data  for  the  years  of  the  period  1920-32. 

The  data. — The  following  tabic  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Consumption  and  related  factors 


Year 

Man-hours  • 
(1929=100) 

Production  ' 
(1929  =  100) 

1920      

83.4 
80.6 

84.2 
87.8 
89.4 
89.2 
90.8 
92.1 
92.9 
100.0 
97.9 
87.5 
77.5 
72  7 
73.0 
73.8 

56.3 

1921                       

53.7 

1922 

64.6 

1823                     

71.9 

1924 

74.9 

1925 

79.2 

1928                             

91.2 

1927 

90.2 

1928                 

94. 1 

1929 

100.0 

1930 

94.1 

1931 

85.5 

1932 

74.9 

1933 

71.1 

1934 

81.1 

1935 

87.4 

1  Preliminary  Report  on  Producticily  iv  the  Printing  and  Publishing  Industry,  News- 
paper and  Periodicals.  National  Research  Project.  Works  Proeress  Administration. 
Based  on  hours  per  week  given  by  the  National  Industrial  Conference  Board  1920-32, 
and  Bureau  of  Labor  Statistics  !932-3.i;  employment  from  Census  oj  Manujactures 
for  the  odd  years  interpolated  by  the  Bureau  of  Labor  Statistics  employment 
indexes. 

'  Loc.  cit..  based  on  Census  value  of  products  weichted  by  the  unit  values  in  1929 
and  interpolated  by  data  on  wood  pulp  consumption  as  given  in  the  Survey  of  Current 
Business. 

The  formula.— The  following  formula  was  derived  by  using  the 
data  for  the  years  of  the  period  1920-32: 

Calculated  man-hours  = 

(1929=100) 

[0.6287  (production) +  37.7]  [-0.02  (year- 1926) +  1.02] 

(1929  =  100) 

The  average  residual  for  the  years  of  the  period  1920  to  1932 
was  2.7  percent,  with  a  maximum  of  7.5  percent  occurring  in  1930. 

The  index  of  man-hours  for  each  of  the  3  years,  1933-36  was 
calculated  from  the  formula.  The  average  residual  for  the 
extrapolated  years  was  3.2  percent,  with  a  maximum  of  —.5.1 
percent  occurring  in  1935. 

The  average  amount  of  variation  explained  is  73  percent. 

Summary  No.  126b 

Printing  and  Publishing 

(Newspaper  and  Periodical) — Consumption 

Mctltod  used. — Consumption  of  newspapers  and  periodicals  was 
related  to  an  average  of  consumer  income  and  the  Federal  Reserve 
Board  index  of  production,  and  a  time  trend. 

Data  used. — The  following  table  gives  the  data  used  in  the 
analysis: 


Year 

Consumption 
of  newspapers 
and  periodi- 
cals 1  (1929  = 
100) 

Average 
consumer 
income  and 
index  of  pro- 
duction currenl 
and  previous 
year  >(  1923- 
25  =  100) 

1920 

56.3 
S3.7 
64.6 
71.9 
74.9 
79.2 
91.2 
90.2 
94.1 
100.0 
94.1 
86.6 
74.9 
71.1 
8L1 
87.4 

8S.0 

1921               

79.0 

1922 

79.0 

1923       

93.0 

1924 

98.6 

1925 

100.0 

1926 

lot.  5 

1927 

106.0 

1928                        

109.0 

1929 

115.0 

1930                 

iiao 

1931 

90.0 

1932 

82.0 

1933                            

77.5 

1934     

84.5 

1935                                          

92.0 

'  See  footnote  2  summary  128a. 

1  The  arithmetic  mean  of  consumer  income  (see  table  I)  on  the  base  1923-25  =  100 
and  Federal  Ue.serve  Board  index  of  Industrial  production  1923-25  =  100.  An  average 
of  the  current  and  previous  years  of  this  combined  index  was  used  in  the  analysis. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  period  1920-32: 

Calculated  consumption  = 

(1929  =  100) 

[1.067  (average  consumer  income  and  industrial  production) 

(1923-25=100) 

-22.67]  [0.0217  (year- 1926) +0.990] 

The  average  residual  in  the  covered  period  1920-32  is  4.3 
percent,  with  the  maximum  of  16.2  percent  occurring  in  1922. 

The  average  residual  in  the  extrapolated  period  1933-35  is 
3.1  percent,  with  the  maximum  of  3.8  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  0.91  percent. 

Summary  No.  126.1a 

Printing  and  Publishing 

(Book,  Music,  and  Job)— Manpower 

Method  used.- — Man-hours  in  book,  music,  aiul  job  printing  was 
related  to  the  deflated  value  of  the  output  and  a  time  trend.  An 
exponential  relationship  was  derived  from  the  data  for  the  years 
1921-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Man-power  and  related  factors 


Year 

Man-hours 
per  week  ' 
(millions) 

Deflated  value 
of  product  ' 
(millions  of 
1936  dollars) 

1921                              

S.45 
6.88 
6.05 
6.14 
6.29 
6.61 
6.68 
6.64 
6.97 
6.62 
5.64 
4.41 
3.97 
4.41 
4.86 
5.40 

561 

1922                                      

622 

628 

669 

19"*  "j 

672 

741 

19'*7 

753 

792 

841 

1930                        

792 

1931                                 

740 

1932           

606 

1933      

562 

1934            - 

610 

1935                  ,  

711 

1936                           . 

846 

1  Man-hours:  This  is  the  product  of  average  actual  hours  per  week  as  given  by  the 
National  Industrial  Coufcroncc  Board,  and  employment  from  Census  of  Manufac- 
tures for  the  odd  years  interpolated  by  the  Bureau  of  Labor  Statistics  employment 
indexes  for  the  even  years. 

>  Deflated  value  of  outimt:  Value  of  output  accordmg  to  the  Census  of  Manufactures 
was  interpolated  by  the  gross  income  of  book,  music,  and  job  printing  corporations 
as  given  in  the  Stalislics  of  Income,  Bureau  of  Internal  Revenue,  and  deflated  by  the 
cost  of  living  index  of  the  Bureau  of  Labor  Statistics. 
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The  formula. — The  following  formula  was  obtained  from  the 
data  for  1921-32: 

Man-hours  = 
(Millions  jicr  week) 

0.0025(0.9719)>'"-">='  (deflated  value  of  product)'-"" 
(Millions  of  1930  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1921-32,  is  1.7  percent,  with  the  maximum  of  3.0  percent  occur- 
ring in  1924. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
3.6  percent,  with  the  maximum  of  —7.4  percent  occurring  in 
1936. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  126.1b 

Printing  and  Publishing 

(Book,  Music,  and  Job) — Consumption 

Method  used. — Deflated  value  of  output  was  related  to  con- 
sumer income  and  a  time  trend.  A  modified  exponential  rela- 
tionship was  fitted  to  the  data  for  the  years  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consuviption  and  related  factors 


The  data. — The  following  table  presents  the  data  used  in  the 
analysis  for  the  years  of  the  period  1923-32: 

Manpower  and  related  factors 


Year 

Output  1 
(millions  of 
1936  dollars) 

Consumer  in- 

come'(billionsor 

1936  dollars) 

1919                             ...     -- 

499 
654 
561 
622 
62$ 
669 
672 
741 
763 
792 
841 
792 
740 
606 
562 
610 
711 
846 

46.  B 

1920        

47.0 

1921                                 

42.3 

1922            --- -- 

48,  S 

1923 

54.8 

1924         - 

,55.  4 

1925                        .       , _ 

57.0 

1926       

68.3 

1927                      _ 

.■iK.» 

1928     - 

62.2 

1929               

65.3 

1930    

60.4 

1931        - 

54.6 

1932 -   - 

46.7 

1933                  

48.2 

1934                                               

,54.0 

1935                    

.56.9 

1936  -   - - 

6,3.9 

'  The  value  of  products  was  obtained  from  the  Census  of  Manufactures  for  odd  years; 
even  years  were  interpolated  using  the  gross  income  of  corporations  in  printing, 
publishing,  and  allied  industries  as  given  iu  Statistics  of  Income  (Bureau  of  Internal 
Revenue).    The  resulting  series  was  deflated  by  the  cost  of  living  index  (see  table  I). 

•  See  table  I  of  this  Appendix. 

The  Formula. — The  following  formula,  the  linear  factors  being 
graphically  determined,  was  derived  from  the  data  for  the  years 
1919-32:  ' 

Calculated  output  =[1  +  0.0078  (year- 1926)] X 
(Millions  1936  dollars) 

(12  +  12.42  (consumer  income)] 
(Billions  1936  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1919-32,  is  3.6  percent,  with  a  maximum  of  —11.4  percent  occur- 
ring in  1919. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
10.3  percent, with  a  maximum  of  — 16.4  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  90  percent. 

Summary  No.  126.2a 
Printing  and  Publishing: 
Allied  Industries — Manpower 

Method  used. — Employment  was  related  directly  to  a  2-year 
average  (current  and  preceding  year)  of  consumer  income.  No 
time  trend  was  indicated  by  the  graphical  analysis;  the  linear 
form  appeared  to  give  a  somewhat  better  fit  than  the  power 
formula. 


Year 

Kmployment 
(thousands)' 

Consuraor 
income  aver- 
age current  and 
preceding  year 
(billions  1936 
dollars) " 

1923     - - 

60.6 
62.6 
62.8 
64.7 
65.9 
69.5 
76.9 
71.4 
62.3 
53.3 
50.3 
56.1 
69.5 
64.8 

61  8 

1924                   

65.1 

1925     

.56  2 

1926                          

.57.6 

1927 

,58,6 

1928                      

60.6 

1929  

63  6 

1930                   

62.8 

1931  _■ 

67.5 

1932                      

50.6 

1933  

47.4 

1934           •                         

61.1 

1935           

.55,  4 

1936                                               

60.4 

'  Census  of  Manufactures  data  interpolated  by  data  derived  from  Bureau  of  Labor 
Statistics  employment  indexes. 
•  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1923-32: 

Calculated  employment=  — 16.4+  1.412X 

(Thousands) 

(consumer  income,  average  of  current  and  iireceding  year) 

(Billions  of  1936  dollars) 

The  average  residual  for  the  years  of  the  period  covered, 
1923-32,  is  2.3  percent,  with  the  maximum  of  6.9  percent  oc- 
curring iu  1923. 

Tlie  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  2.6  percent,  with  the  maximum  of  —5.9  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  89  percent. 

Summary  No.  127a 

Rubber  Tires  and  Tubes — Manpower 

Method  used.- — Manpower  was  related  to  production  of  tires 
and  tubes  and  time  by  the  method  of  least  squares  using  a 
formula  of  the  exponential  type.  The  exponent  for  production 
was  very  close  to  unity  so  the  analysis  was  reworked  by  fitting  a 
time  trend  to  the  ratio  of  manpower  to  production. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours 
(1929=100)1 

Produc 
(192.3-25= 

ion 
100)' 

1923                 --  

86.8 
83.5 
96.0 
93.7 
93.7 
103.  8 
100.0 
69.5 
49.7 
38.8 
46.8 
61.8 
61.1 
65.8 

86 

1924 

98 

116 

1926                                

116 

120 

1928                                

H4 

135 

J930                                

100 

96 

1932                            

78 

1033              _ _ 

88 

1934                                   

92 

97 

1936  

115 

I  1926-34  N.R.A.  Evidence  Study  No.  38,  p.  86;  sources;  1929-31  National  Industrial 
Conference  Board  and  1932-34  Bureau  of  Labor  Statistics  Trend  of  Emphyment, 
computed  and  adjusted  to  census  totals  by  N.  R.  A.  Division  of  Research  and  riau- 
ning.  1921-25  another  man-hour  index  spliced  on  at  1926;  source:  Labor  I'Torliiclwily 
in  the  Aula  Tire  Industry,  Bureau  of  Labor  Statistics  Bulletin  No.  685  by  Boris  Stem, 
p.  4.  This  series  represents  direct  labor  only.  The  data  for  the  years  103.';  and  1936 
were  spliced  on  by  means  of  an  index  of  man-hours  derived  by  multiplying  Bureau  of 
Labor  Stiatistics  average  hours  in  thetire  and  tube  industry  by  Bureau  of  Labor  Sta- 
tistics employment  in  the  tire  and  tube  industry  and  converting  the  resulting  man- 
hours  series  into  iin  index  on  a  1929  base  and  adjusted  to  the  census  totals  in  the  same 
industry  through  1935. 

s  Federal  Reserve  Board  index  of  production  of  rubber  tires  and  tubes  as  given  m 
the  Survey  of  Current  Business,  1936  Supplement,  p.  7— Includes  production  for 
both  domestic  and  foreign  markets. 
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The  formula. — The  formula  obtained  by  using  the  data  for  the 
period  of  tlie  years  1923-32  is  as  follows: 

Calculated  inan-liours/week  = 

(1929=100) 

(0.371  +  0.2293  (0.8874)>"'-"3')  (production) 

(1923-25=100) 

The  average  residual  for  the  years  of  the  period  1923-32  is  7.2 
percent,  with  the  maxinuini  of  —13.7  percent  occurring  in  1931. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  4.1  percent,  with  the  maximum  of  5.9  percent  occur- 
ring in  1934. 

The  amount  of  variation  explained  is  92  percent. 

Summary  No.  127b 
Rubber  Tires  and  Tubes — 
Consumption 

Method  used. — The  consumption  of  tires  and  tubes  was  related 
to  the  consumption  of  gasoline  and  tlie  cliange  during  the  year 
in  the  total  number  of  automobiles  registered.' 

An  estimate  was  first  made  of  the  number  of  tires  going  to  the 
replacement  market;  this  series  was  divided  by  the  consumption 
of  gasoline  and  an  exponential  time  trend  was  fitted  to  this  ratio. 

Tlie  total  consumption  of  tires  and  tubes  was  than  related  to 
the  change  in  registrations  and  the  product  of  the  consumption 
of  gasoline  and  the  time  trend  thus  obtained.  A  linear  relation- 
ship was  used  and  in  this  final  analysis  the  years  1927  and  1928 
were  omitted,  it  iieing  felt  that  the  disturbance  caused  by  the 
Ford  sliutdown  made  these  years  unrepresentative;  only  the 
years  1921-26  and  1929-32  were  used. 

The  data. — The  following  table  presents  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Domestic  ship- 
ments of  tires 
and  tubes;  value 

at  average 

prices.  1923-33 ' 

(millions  of 

dollars) 

Estimated 
tires  and  tubes 
worn  out;  value 

at  average 
prices.  l92:i-33' 

(millions  of 
dollars) 

Gasoline 

consumption  3 

(millions  of 

barrels) 

Increase 
in  regis- 
trations 
during  year  > 
(thousands) 

1921 

301.4 
409.8 
457.4 
504.0 
587.9 
574.7 
616.3 
694.2 
673.5 
511.9 
475.9 
379.9 
413.  6 
436.5 
465.5 
522.7 

246.8 
325.7 
308.1 
387.2 
461.5 
458.8 
551.4 
606.4 
.M7.6 
484.0 
461.1 
372.7 
399.7 
388.3 
377.2 
423.7 

108 
128 
157 
187 
226 
264 
300 
332 
376 
395 
403 
374 
377 
407 
433 
480 

1,231 

1922 

1,775 

1923 

2,854 

1924 

2,503 

1925 

2,342 

1926 

2.064 

1927 

1,032 

1928 

1,460 

1929 

2,008 

1930 

44 

1931 

-712 

1932 

-1,718 

1933 

-272 

1934                         .  . 

1,108 

1935 

1,279 

1936 

1,990 

1  Domestic  shipments  of  casings  and  inner  tubes  obtained  from  the  Survey  of  Cur- 
Tint  Business.  Domestic  shipments  of  solid  and  cushion  tires  obtained  by  correcting 
Commerce  Yearbook  data  for  imports  and  exports.  An  average  price  for  each  typo  wjis 
obtained  by  averaging  prices  obtained  from  Census  of  Manufactures  value  and  quan- 
tity data  for  the  odd  years  U(2:(-3:i.  Scries  were  raised  to  estimate<i  100  percent 
coverage,  nmltiplied  by  the  respective  average  prices,  and  the  products  summed. 

'  This  series  is  obtained  from  the  previous  one  by  deducting  for  tirc.s  shipped  to 
equip  new  cars  and  adding  tires  worn  out  on  scrapped  cars.  Estimated  average 
number  of  tires  and  tubes  per  car  is  multiplied  by  the  number  of  cars  and  tlie  average 
value  per  unit  u.se(l  in  making  up  the  aggregate.  The  number  of  cars  produced  and 
scrapped  is  obtained  from  .-luloTnobite  Fnd.t  and  Figures  (Automobile  Manufacturers 
Association,  Xcw  York)  and  the  .'•Surrey  of  Current  Fiusiness. 

^  See  summary  No.  i:tu*.  fJasoline  consumption. 

I  Automobile  Facts  and  Figures  (.\utomobile  Manufacturers  Association,  New 
York) .    Year  to  year  change  in  total  registrations  as  of  Dec.  31  each  year. 


'  The  tire  market  was  considered  divided  into  two  parts— tires  sold  to  replace  tires 
worn  out  by  use,  either  on  the  same  car  or  on  a  car  sold  to  replace  it.  and  tires  repre- 
senting a  net  addition  to  the  stock  of  tires  in  use.  The  number  of  tires  worn  out  will 
be  proportional  to  the  mileage  driven  during  the  year,  with  a  time  trend  representing 
the  Increased  life  of  the  tire.  Gasoline  consumption  is  taken  as  a  convenient  proxy 
variable  for  mileage— conveniently  weighting  more  heavily  the  mileage  of  heavier 
vehicles.  The  number  of  tires  in  use  is  roughly  proportional  to  the  number  of  vehicles 
registered,  so  that  the  expansion  market  may  be  represented  by  the  net  increase  in 
registrations. 


The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  period  1921-32: 

Consumption  of  tires  and  tubes  ^ 

(Millions  of  dollars) 

—58.44-1-45.714  (change  in  registrations  during  year)-^ 

(Millions) 


2.0758  (0.9270)  >" 


■  i«2«  (gasoline  consumption) 
(Millions  of  barrels) 


The  average  residual  for  the  years' covered  by  the  analysis  is 
4..")  percent,  with  a  maximum  of  —7.3  percent  in  1921. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
4.2  percent,  with  a  maximum  of  6.1  percent  in  1933. 

Tlie  amount  of  variation  ex])lained  is  94  percent. 

Summary  No.  128a 

Rubber  Products  Other  than  Tires 

and  Tubes — Manpower 

Method  used.- — The  factors  related  to  man-hours  are  deflated 
value  of  output,  and  a  time  trend. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours ' 

(10,000  per 

week) 

Deflated  value 

of  output' 

(millions  1931 

dollars) 

1921                           

209 
280 
286 
228 
268 
276 
289 
304 
295 
230 
191 
ISO 
174 
189 
191 

147 

1922                                -                           -      

184 

1923  

213 

1924                                   .                      ,_  

•>n? 

1925 

228 

1926 

232 

1927 

2,W 

1928                  

269 

1929 

280 

1930                   

238 

1931 

2(18 

1932                               

179 

1933 

208 

1934                        

231 

1935 - 

260 

I  Computed  by  multiplying  employment  by  average  weekly  hours.  Employ- 
ment is  obtained  from  the'  census  for  odd  years,  interpolated  by  Bureau  of  Labor 
Statistics  employment  index  for  the  even  years  1924-36  and  by  National  Industrial 
Conference  Board  data  tor  1922.  Average  hours  per  week  are  from  National  Indus- 
trial Conference  Board  and  cover  a  sample  of  the  entire  rubber  industry. 

3  The  dellated  value  series  is  obtained  for  census  years  by  deflating  the  total  value 
of  output  by  a  price  index  derived  from  census  data  on  value  and  quantity  of  rubber 
shoes  and  overshoes,  rubber-soled  canvas  shoes,  rubber  heels,  rubberized  fabrics, 
rubber  belting,  and  rubber  hose,  weighted  according  to  value  in  1931.  The  values 
for  the  intercensal  years  are  obtained  by  interpolation  using  the  consinnption  of  crude 
rubber  as  given  by  the  Rubber  Mamilacturers  Association  in  the  Commerce  Year 
Book  tor  years  1921-32.  and  from  the  Bureau  of  Foreign  and  Domestic  Commerce 
(or  the  latest  years  1933,  1934,  and  1935.  The  figures  exclude  rubber  used  for  tires 
and  tubes. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1921-32: 

Calculated  man-hours  = 
(Ten  thousand  per  week) 

0.5025  (0.95193)>"'»'-""  (deflated  output) '■»"'" 
(Millions  of  1931  dollars) 

The  average  residual  for  the  period  1921-32  is  3.0  percent, 
with  the  maximum  of  —  1 1.3  percent  occurring  in  1924. 

The  average  residtml  for  the  extrapolated  period,  1933-35,  is 
3.0  percent,  with  the  maximum  of  —  4.5  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  128b 

Rubber  Products  Other  Than  Tires 

and  Tubes — Consumption 

Method  used. — The  deflated  value  of  rubber  products  other 
than  tires  and  tubes  produced  was  related  to  the  Federal  Reserve 
Board  index  of  industrial  production  and  time  by  an  exponential 
formula  for  the  years  of  the  period  1921-32. 
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The  data. — The  following  table  gives  the   data  used  in  the 
anal}"sis: 

Consumption  and  related  factors 


Years 

DediUed  v:ilue 
of  niM'f'r  prod- 
ucts ntlier  ihiiu 
tires  !ind  tubes' 
(millions  of 
1931  dollars) 

Industrial 
production ' 
(1923-25=100) 

1921              

130 
165 
191 
180 
202 
205 
230 
245 
256 
221 
196 
172 
203 
225 
250 

07 

1922 --- 

85 

1923             

101 

1924                      

95 

1925                                         ._ 

104 

1926                -  .     

108 

1927                                    

106 

1928                        

111 

1929                                      

119 

1930               

9« 

1931     

81 

64 

1933                                 

76 

1934             

79 

1935                           

90 

1  Deflated  value  of  output  obtained  as  explained  in  footnote  2,  summary  128a, 
adjusted  for  exports  and  imports  of  all  rubber  products  excluding  tires  and  tubes; 
foreign  trade  data  obtained  from  tbe  Bureau  of  Foreign  and  Domestic  Commerce. 

>  See  table  I  of  this  Appendix. 

The  formula. — The  following  fonnvihi  was  derived  from  the 
data  for  the  period  1921-32: 

Calculated  deflated  value  of  products  = 

(Millions  of  1931  dollars) 
5.720  (industrial  production)  "-'e^ss  (1.0288)  ".r-is27 

(1923-25=100) 

Tlie  largest  single  residual  for  tlie  fitted  period  was  —5.5 
percent  in  1926  and  the  average  for  the  whole  fitted  period 
1921-32  was  only  2.1  percent. 

The  average  residual  for  the  extrapolated  years  1933-35  is 
3.0  percent,  with  the  largest  residual  for  any  single  extrapolated 
year  5.0  percent  in  1934. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  129a 
Chemicals — Manpower 

Method  used. — The  inde.x  of  man-hours  was  related  to  an  index 
of  production  and  a  time  trend.  An  exponential  relationship 
was  fitted  to  the  data  for  the  years  of  the  period  1919-32.  The 
trend  has  been  changed  by  the  use  of  a  modified  exponential 
relationship. 

The  data. — The  following  table  gives  the  data  used  in  the 
anal3'sis: 

Manpower  and  related  factors 


Year 

Man-hours  i 
(1929  =  100) 

Production ' 
(1929=100) 

1919            

120.2 

112.2 

81.4 

101.1 

108.3 

84.9 

98.2 

96.2 

93.9 

93.9 

100.0 

87.5 

71.5 

60.8 

66.3 

76.2 

75.8 

49.8 

1920                                                          

60.1 

1921       

40.2 

1922                                                        

,54.3 

1923     

64.3 

1924                        

59.1 

1925 - 

66.3 

1926                   

76.3 

1927 - 

75.2 

1928          — 

92.3 

1929 - 

100.0 

1930 

90.5 

1931                                                        

78.9 

1932 

61.7 

1933.               .                                    

77.9 

1934 

87.7 

1935                                 

91.3 

1  Man-hours:  For  census  years  the  total  number  of  wage  earners  in  this  segment  was 
obtained  by  deducting  fertilizers  and  paints  and  varnish  from  the  chemical  group  of 
the  Census  of  Manufactures.  An  index  of  employment  was  compiled  (or  the  years 
of  the  period  1923-36  from  Bureau  of  Labor  Statistics  indexes  of  employment  in 
chemicals,  cottonseed,  drugs,  explosives,  and  soap,  weighted  according  to  average 
number  of  employees  in  1923-25.  Similarly  an  average  was  computed  for  the  data 
given  on  average  hours  of  labor  for  the  years  1932-38.  The  employment  series  was 
used  to  interpolate  census  employment  by  the  geometric  mean  of  ratios  method 


Formula. — Tlie  following  formula  was  derived  from  the  data 
for  1919-32: 

Calculated  man-hours  = 

(1929=100) 

5.13    [0.5222 -f0.4378(0.8792)»""-'«2«]  (production) »■«'»« 

(1929=100) 

The  average  residual  for  the  years  covered  bj-  the  analysis, 
1919-32,  is  4.4  percent. 

The  maximum  residual  for  the  years  covered  by  the  analysis, 
1919-32,  is  8.4  percent  in  1925, 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
3.8  percent. 

The  maximum  residual  for  the  extrapolated  years,  1933-35,  is 
—  4,3  percent  in  1933. 

The  amount  of  variation  explained  is  89  percent. 

Summary  No.  129b 
Chemicals — Consumption 

Method  used. —  Consumption  of  chemicals  was  related  to  an 
average  of  consumer  income  and  the  Federal  Reserve  Board 
index  of  industrial  production.  A  graphical  method  was  used 
and  a  linear  function  fitted.  The  linear  function  gave  a  some- 
what better  fit  than  the  usual  power  formula. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption  i 
(1929=100) 

Average  indus- 
trial production 

and  con- 
sumer income  J 
(1923-25  =  100) 

1923                     

64.1 
68,1 
66.6 
76.4 
76.2 
92.2 
100.0 
89.7 
78.2 
61.3 
77.8 
87.5 
90.7 

100 

1924 

97 

1925                            

103 

1926 

106 

1927                    

106 

1928 

112 

1929               

118 

1930 - 

102 

1931               

90 

1932 - 

74 

1933               

81 

1934                                               ...  

88 

1935                    

96 

'  The  production  series  given  in  summary  129a  was  adjusted  for  imports  and  exports 
as  given  in  the  StatusUcat  Abstract  oJ  the  United  States. 

>  Consumer  income  (see  table  I)  is  reduced  to  a  1923-25  base;  this  is  combined  with 
the  Federal  Keserve  Board  index  of  industrial  production,  each  series  being  weighted 
equally. 

The  formula. — The  following  formula  was  obtained  from  tlie 
data  for  the  years  of  the  period  1923-32: 

Calculated  consumption  = 

(1929  =  100) 

1.07  (consumer  income  and  industrial  production) -f- 

(1923-25  =  100) 

3.22  (year- 1928) -30.1 

The  average  residual  for  the  years  1923-32  is  3.4  percent,  with 
a  maximum  of  6.1  percent  occurring  in  1927. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
5.5  percent,  with  a  maximum  of  7.0  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  93  percent. 


for  the  even  years  1924-36.  The  years  1920  and  1922  were  similarly  interpolated 
using  National  Industrial  Conference  Board  data  on  chemicals  employment.  Av- 
erage hours  per  week  was  obtained  from  the  above  Bureau  of  Labor  Statistics  average 
for  1933-36,  and  from  National  Industrial  Conference  Board  for  1920-31.  For  1932 
an  average  of  the  2  w)is  used.  For  1919  an  average  computed  from  census  prevailing 
hours  was  spliced  to  National  Industrial  Conference  Board  data  at  1921.  Average 
hours  per  week  was  then  multiplied  by  employment  and  reduced  to  an  index. 

"  Proifuction:  For  census  years  1919-33  an  index  based  on  census  output  data  for 
various  items  weighted  according  to  1929  value  given  by  the  National  Research 
Project  in  a  preliminary  unpublished  report,  Productivity  in  (he  Chemicals  Industry 
was  used.  This  was  interpolated  and  extrapolated  for  the  remaining  years  1920-35 
by  series  on  tons  of  revenue  chemicals  and  explosives  freight  originated  on  United 
States  railroads,  as  given  in  the  Statistical  Abstract  af  the  United  States. 
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Summary  No.  129.1a 
Paints  and  Varnish — 
Manpower 

Method  used. — Man-hours  was  related  to  production  and  a 
time  trend  for  the  years  of  the  period  1924-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ■ 
(192S=100) 

Production  > 
(1929=100) 

1924                  

81.5 
88.8 
88.1 
93.7 
95.2 
100.0 
80.0 
66.2 
66.1 
61.6 
r.6.4 
72.8 

71.0 

1925      

78.7 

1928              

79.6 

1927 

87.6 

1928           

96.2 

1929                           

100.0 

1930         

81.6 

1931                  

70.6 

1932      

55.4 

1933                        

60.4 

1934    

70.7 

1935                     

86.6 

1  Preliminary  report  on  Productivity  in  the  Paint  and  Varnish  Industry  (National 
Research  Project  of  \Vorl;s  Progress  Administration).  Based  upon  Bureau  of  Labor 
Statistics  employment  data,  and  National  Industrial  Conference  Board  and  Bureau 
of  Labor  Statistics  data  for  hours  per  week. 

'  Loc.  cit.  based  upon  census  data  on  output  of  19  major  products  in  the  industry, 
each  weighed  by  its  unit  value  in  1929. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1924-32: 

Calculated  man-hours  = 

(1929  =  100) 


1.878  (0.97564)>' 


-'»29  (production)""' 
(1929=100) 


The  average  residual  for  the  period  covered,  1924-32,  is  1.8 
percent,  with  the  maxinuim  of  —4.1  percent  occurring  in  1931. 

The  average  residual  for  the  extrapolated  period,  1933-35  is 
4.4  percent,  with  the  maximum  of  7.3  percent  occurring  in  1933 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  129.1b 
Paints  and  Varnish — 
Consumption 

Method  used. — The  factor  which  was  related  to  paints  and 
varnish  consumption  was  simply  consumer  income.  The  index 
of  building  construction  was  also  considered  in  the  analysis  but 
appeared  to  have  a  negligible  effect.  No  time  trend  was  ap- 
parent.    The  linear  formula  gave  the  most  satisfactory  results. 

The  data. — The  following  table  gives  the  data  used  in  the  final 
analysis: 

Consumption  and  related  factors 


Year 

Production  ' 
(1929=100) 

Consumer 

income ' 

(billions  1936 

dollars) 

1919          

49.9 
54.6 
44.6 
59.3 
67.5 
71.0 
78.7 
79.6 
87.6 
96.2 
100.0 
81.6 
70.6 
55.6 
60.4 
70.7 
86.6 

46.6 

1920 - - 

47.0 

1921        

42.3 

1922 

18.8 

1923 

54.8 

1924 

55.4 

1925 

57.0 

1928      

58.3 

1927                      

58.9 

1928 - 

62.2 

1929 

65.3 

1930 

60.4 

1931 

54.6 

1932                                   

46.7 

1933 

48.2 

1934 

54.0 

1935 - 

56.9 

The  formula. — The  following  formula  was  derived  for  the  years 
1919-32: 

Calculated  consumption  =  — 61.3  +  2.458  (consumer  income) 
(1929  =  100)  (Billions  1936  dollars) 

The  average  residual  for  the  years  1919-32  is  3.7  percent,  with 
a  maximum  of  —  S.3  percent  in  1923. 

Consumption  of  jjaiiits  and  varnish  for  each  of  the  years  1933 
to  1935  was  calculated  from  the  formula.  The  average  residual 
for  the  3  years  is  5.6  percent,  with  a  maximum  of  11.7  percent 
in  1935. 

The  amount  of  variation  explained  is  95  percent. 

.Summary  No.  131a 

Petroleum  Refining — Manpower 

Method  J(.vf(/. —  I'jnployment  in  the  drilling  of  oil  and  gas  wells 
was  related  by  a  graphic  regression  line  to  oil  run  to  stills  in  the 
United  States  for  the  years  of  the  period  1919-32.  The  time 
trend  was  found  in  a  preliminary  analysis  to  be  insignificant,  so 
a  formula  was  derived  directly  from  the  regression  line. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment  > 
(thousands) 

Oil  run  to  stills ' 

(millions  of 

barrels) 

1919 

58.9 

362 

1920 

1921.                                                      

63.2 

443 

1922 

1923 

66.7 
62.3 
65.3 
71.8 
71.2 
67.8 
80.6 
80.9 
68.8 
64.0 
69.0 
77.6 
77.4 
78.8 

581 

1924 

644 

1925 

740 

1926 

779 

1927 

829 

1928                                                                

913 

1929     

988 

1930                                                                

927 

1931 

895 

1932                                                  

820 

1933 

861 

1934 ...                

896 

1935- 

966 

1936...                     

1,069 

'  See  sunmiary  129.1a,  footnote  2. 
» See  table  I  of  this  Appendi.x. 


>  Censui  0/  .\ranulacturrs,  1919,  vol.  I,  p.  216;  1933,  p.  36S;  1935  summary  (mimeo- 
graphed), interpolated  in  noncensus  years  by  Bureau  of  Labor  Statistics  index  of 
employment. 

"  Bureau  of  Mines:  1919-29,  Petroleum  Refining  Stalistics,  I9!9,  Bulletin  No.  SS9, 
p.  24: 1929-31,  Crude  Petroleum  and  Petroleum  Products  in  1931;  1932-36,  Minerals  Year- 
book, 1937,  p.  975.  1936  figures  revised  by  Bureau  of  Mines;  not  published.  Data 
include  both  foreign  and  domestic  oils.    Unit:  milUoos  of  barrels  of  42  U.  S.  gallons. 

The  fornivla. — 'i'lie  formula  obtained  from  the  data  for  the 
years  of  the  period  1919-32  is  as  follows: 

Calculated  employment=44-f-0.032938  (oil  run  to  stills) 
(thousands)  (Millions  of  barrels) 

The  average  residual  for  the  years  of  the  period  1919-32  is  5.6 
percent,  with  the  maximum  of  —9.9  percent  occurring  in  1932. 

The  average  resid\ial  for  the  years  of  the  extrapolated  period, 
1933-36,  is  2.7  percent  with  the  maximum  of  5.4  percent  occur- 
ring in  1934. 

The  amount  of  variation  explained  is  59  percent. 

Summary  No.  131b 

Petroleum  Refining — Consumption 

Method  used. — Oil  run  to  stills  was  related  to  consumer  income 
by  fitting  empirical  regression  lines  to  scatter  diagrams  for  the 
years  of  the  period  1919-32.  The  linear  formula  was  fitted 
to  the  data  because  it  gave  results  which  were  slightly  better 
than  those  obtained  by  the  usual  power  formula,  although  in 
any  case  the  results  are  far  from  satisfactory. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Consumplion  and  related  factors 


Year 

Oil  run  to  Stills' 

(millions  of 

barrels) 

Consumer  in- 
come '  (billions 
of  1936  dollars) 

1919                              

362 

46.6 

1920 

1921                                                  -  -     - 

443 

42.3 

1922 

1923      

S81 
644 
740 
779 
829 
913 
088 
927 
895 
820 
861 
896 
966 
1.069 

54.8 

1924 

65.4 

1926 

57.0 

1926 

58.3 

1927 

58.9 

1928                            

62.2 

1929 

65.3 

1930                     

60.4 

1931 

54.6 

1932.                     

46.7 

1933 

48.2 

1934                   

54.0 

1935 

56.9 

1936 -  -     

63.9 

1  Petroleum  Jiefining  Statistics,  1S19  (Bureau  of  Mines,  Bulletin  339),  p.  24;  Crud' 
Petroleum  and  Petroleum  froducts  in  1931  (Bureau  of  Mines);  Minerals  Yearbook,  193^ 
(Bureau  of  Mines),  p.  975.  Data  include  foreign  and  domestic  oils  run  to  stills  in  the 
United  States. 

"  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  obtained  using  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  oil  run  to  stills  = 
(Millions  barrelsi 

—  37.5  +  13.93728  (consumer  income) +  33.33  (year-1926) 

(Billions  1936  dollars) 

The  average  residual  for  the  years  of  the  period  1919-32  is 
3.4  percent,  with  the  niaxiinuni  of  15.0  percent  occurring  in 
1921. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  7.0  percent,  with  the  maximum  of  —9.9  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  131c 
Gasoline  Consumption 

Method  used. — Gasoline  consumption  was  first  expressed  by  a 
linear  equation  involving  a  trend  factor,  equated  cars  in  use,  and 
consumer  income,  using  the  data  for  the  years  1919-32.  From 
the  partial  relationships  the  scatter  of  points  above  and  below 
the  lines  indicated  some  curvilinearity.  The  exponential  form 
was  therefore  used.  The  scatter  of  points  about  the  time  trend 
indicated  that  a  curvilinear  trend  would  give  a  better  statistical 
relationship;  the  use  of  a  curvilinear  time  trend  is  also  justified 
by  the  consideration  of  the  types  of  cars  produced  during  the 
period,  and  other  developments.  Originally  the  various  factors 
were  put  on  a  per  capita  basis.  Finally  the  equation  was  re- 
worked with  totals,  and  the  time  trend  was  allowed  to  take  care 
of  the  influence  ascribable  to  population  increase. 

The  data. — The  following  table  gives  the  data  used  in  the 
analj'sis: 


Year 

Gasoline  con- 
sumption 1 
(million 
barrels) 

Equated  cars 

in  use  ' 

(millions) 

Consumer 

income  ' 

(billions  1936 

dollars) 

1920 

101 
108 
128 
167 
187 
228 
2M 
300 
332 
376 
395 
403 
374 
377 
407 
433 

11.6 
13.5 
15.5 
18.5 
22.3 
25.9 
28.9 
30.9 
32  5 
34.5 
36.0 
35.8 
34.8 
34.8 
25.6 
36.6 

47.0 

1921 

42.3 

1922 

38  8 

1923 

54.8 

1921 

55.4 

1925 

57.0 

1926 

58.3 

1927 

58.9 

1928 

62.2 

1929 

65.3 

1930 

60.4 

1931 

54.6 

1932 

46.7 

1933 

48.2 

1934 , 

64.0 

1935 

56.9 

'  Mineral)  Yearbook  (U.  S.  Department  of  the  Interior,  Bureau  of  Mines),  1937, 
p.  1029. 

*  Derived  from  repistrations  as  reported  in  Facts  and  Figures  (New  York:  Auto- 
mobile Manufacturers  Association,  1937)  p.  16.  Passenger  cars  weighted  by  1;  trucks 
woighted  by  6. 

■'  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  period  1920-32: 

Calculated  gasoline  consumption  = 
(millions  barrels) 

19.535(^1.22+ J  22 4- .o47(1.55)".r-i»2ojX 

(consumer  income) "-''^X  (1.042)  (""  '■'  •■".  "Hiion.) 
(Billions  1936  dollars) 

The  average  residual  for  the  period  1920-32  is  0.8  percent, 
with  the  maximum  of  —2.2  percent  occurring  in  1930. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
0.6  percent,  with  the  maximum  of  —0.7  percent  occurring  in 
1934  and  1935. 

The  amount  of  variation  explained  is  99.5  percent. 

Summary  No.  132a 
Glass — Manpower 

Method  used. — Total  annual  man-hours  in  the  glass  industry 
were  related  to  production  of  glass  and  glass  products  and  a  time 
trend. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ' 
(1929  =  100) 

Deflated  out- 
put '  (millions 
1926  dollars) 

1919                               

•    115.6 
119.0 
79  5 
96.3 
100.7 
97.4 
101.6 
106.4 
96.9 
95.6 
100.0 
79.4 
61.4 
46.0 
53.3 
64.8 
70.5 

222  7 

1920     

312.3 

1921                 

161.1 

1922 

257.1 

1923           -     ..     -.- 

251.5 

1924 

247.2 

1925         

285.2 

1926 

296.6 

1927 

312.7 

1928                      ... 

303.0 

1929 

316.5 

1930                   .^       -     

268.1 

1931 

249,6 

1932               

183.1 

1933 

210.2 

1934 

242.6 

1935 -- 

312.0 

1  Preliminary  report  on  Productivity  in  the  Glass  Industry  (National  Research  Project 
of  the  Works  Progress  Administration);  based  upon  employirent  data  from  Federal 
Reserve  Bfuird  iind  liiircim  of  Labor  Statistics,  and  hours  data  from  Census  prevailing 
hours  and  Uureau  of  Lal'or  St;itislics  actual  hours. 

*  Based  upon  CenstLs  of  Manufactures  data.  Census  value  of  products  interpolated 
in  noncensus  years  by  value  of  class  sand  consumed  by  the  industry;  this  value  was 
deflated  by  a  weighted  price  index  of  glass  products,  see  summary  Xo.  132b,  footnote  3. 
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The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  man-hours  = 

(1929  =  100) 

0.8298  (O-gSSS)""-^-'""  (deflated  output)"'" 
(Millions  1926  dollars) 

The  average  residual  for  the  years  of  the  period  1919-32  is 
6.5  percent,  wth  the  maximum  of  —14.2  percent  occurring  in 
1920. 

The  man-hours  for  the  three  years  1933-35  were  extrapolated 
by  means  of  the  formula.  The  average  residual  for  these  3 
j'ears  is  5.9  percent,  with  the  maximum  of  13.1  percent  occurring 
in  1934. 

The  amount  of  variation  explained  is  90  percent. 

Summary  No.  132b 
Glass — Consumption 

Method  used. — The  output  of  the  glass  industry,  measured  in 
terms  of  deflated  value  of  products  available  for  the  domestic 
market,  was  related  to  the  Federal  Reserve  Board  index  of 
industrial  production  and  the  deflated  price  of  glass  products 
over  the  whole  period,  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Deflated  value 

of  production 

available  tor 

domestic 

market 

(millions  of 

1926  dollars)  ■ 

Industrial 

production 

(lteV25=100)  ' 

Deflated  price 

of  phiss 

products 

(1926=100)! 

1919 

203.1 
297.0 
157.5 
262.4 
263.4 
256.4 
293.6 
308.2 
321.7 
308.5 
319.7 
267.9 
248.7 
182.6 
209.3 
240.7 
309.5 

83 
87 
67 
85 
101 
95 
1(M 
108 
106 
HI 
119 
96 
81 
64 
76 
79 
90 

84.8 

1920 

95.0 

1921 

135.8 

1922                  

104.1 

1923 

122.3 

1924 

119.9 

1925 

100.3 

1926 

100.0 

1927 

94.7 

1928 

96.4 

1929 

100.7 

1930 

109.1 

1931 

118.8 

1932 

134.9 

1933 - 

138.5 

1934... 

125.2 

1935 

113.8 

'  Derived  from  value  of  products,  "Glass",  in  the  Census  of  Manufactures.  Ap 
proximately  1  percent  of  the  value  of  the  products  rci>rosentcd  by  the  series  consists 
of  products  not  normally  in  tlie  t'la.ss  industry.  For  1029  and  later  years  the  figures 
are  sale.'';  before  1029,  production.  This  vaiue  series  was  interpolated  by  a  graphic 
repression  method  usinp  value  of  f^lass  sand  as  reported  in  Alinerals  Yearbooks  and 
Slintral  liesovrces  of  the  United  Slates  of  the  Uureau  of  Mines,  as  an  interpolating 
series.  Tlie  re.'^ultirig  series  of  value  of  glass  products  produced  was  corrected  for 
imports  and  exports  reported  by  the  Bureau  of  Foreign  and  Domestic  Commerce 
in  the  Stalislical  Abstract  of  the  United  States.  The  resulting  series  was  deflated 
by  a  price  scries  on  a  1926  base  derived  from  Bureau  of  Labor  Statistics  materials 
as  described  below. 

■  See  table  I  of  this  Appendix. 

>  A  price  index  for  gla,ss  products  was  derived  from  series  published  by  the  Bureau 
of  Labor  Statistics  on  nappies,  pitchers,  tumblers,  plate  gl;uss  (2  series),  and  window 
glass,  weighted  by  the  weights  used  by  Bureau  of  Labor  Statistics  in  computing  their 
group  indexes,  on  a  1926  base.  This  index  w:ls  usotl  to  tieflate  the  value  series  de- 
scribed in  footnote  1.  and  was  deflated  by  the  index  of  general  wholesale  prices  on  a 
1926  base,  published  by  the  Biu'eau  of  Labor  Statistics,  to  get  the  deflated  price  index. 

The  formula. — The  formula  obtained  by  using  the  data  for 

the  period  of  the  years  1920-32  is  as  follows: 

Calculated  consumption  =  18.81  (1.008)''«"-""X 
(Millions  of  1926  dollars) 

(industrial  production)"'-"'^   (deflated  price)""'" 

(1923-25=100)  (1926=100) 


The  average  residual  for  the  years  of  the  period  covered,  1919- 
32  is  6.3  percent,  with  the  maximum  of  21. G  percent  occurring  in 
1920. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35  is  7.3  percent,  with  the  maxiiuum  of  15.3  percent  occur- 
ring in  1935. 

The  amount  of  variation  explained  is  83  percent. 

Suintnary  No.  133a 
Cement — Manpower 

Method  used. — The  factors  which  were  related  to  man-hours 
in  the  cement  industry  were  production  of  portland  cement  and 
a  time  trend  over  the  years  of  the  period  1921-32: 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  i 
(millions,  per 
year) 

Production  > 

(millions  of 

barrels) 

1921         

80.6 

85.8 

103  7 

109.8 

109.0 

110.6 

110.2 

10S.3 

99.3 

90.3 

60.  S 

38.  S 

31.5 

37.8 

39.0 

50.5 

98.84 

1922 

114.79 

1923 

137. 41 

1924 

149. 36 

1925 

161.  66 

1926        

164.  5J 

1927 - 

173.  21 

1928 - - 

170.  30 

1929                       

170.65 

1930 

161.20 

1931                   

125.43 

1932 

76.74 

1933            

63.47 

1934 

77.75 

1935 

76.75 

1936                                 

112.  65 

'  Data  for  1921-2.5:  American  Engineering  Council,  Safety  and  Production  (New 
York  and  London:  Harper  &  Bros.,  1938).  Data  for  192(1  and  1927:  Bernard  H.  Top- 
kis,  Labor  Requirements  in  Cement  Production.  Jilonlhly  Labor  fteriew  (U.  S.  De- 
partment of  Labor.  Bureau  of  Labor  Statistics,  vol.  42.  No.  3,  March  1936).  Series 
on  productivity  used  as  interpolating  medium.  Data  for  192S-33:  Minerals  Year- 
book. 1935  (United  States  Department  of  the  Interior,  Bureau  of  Mines,  iu:i5);  data 
for  1934-36,  unpublished  data  of  Bureau  of  Mines. 

»  Bureau  of  Mines,  Mineral  Yearbook. 

Tie  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1921-32: 

Calculated  man-hours  =  66.1   {0.0814-1-0.9114  (0.955)""-i'>"}X 
(Millions  per  year) 

(production) '-""'s*' 
(Hundred  millions  of  barrels) 

The  average  residual  for  the  period  1921-32  is  2.4  percent  with 
the  maximum  of  —9.3  percent  occurring  in  1931. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
5.3  percent,  with  the  maximum  of  12.7  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  133b 
Cement — Consumption 

Method  used. — The  consumption  of  cement  is  related  to  an 
average  of  the  consumer  income  for  the  current  and  2  preceding 
years,  to  the  deflated  value  of  construction  contracts,  and  a  time 
trend.  An  exponential  relationship  was  fitted  to  the  data  for 
the  years  1921-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Consumption  and  related  factors 


Year 

Consumption ' 
(millions 
barrels) 

Consumer  in- 
come, 3-year 

average  * 

(billions  1936 

dollars) 

Construction 

value ' 
(billions  1929 

dollars) 

1921 

94.45 
116.90 
136. 59 
147. 18 
159.93 
164.45 
173.10 
177.30 
170.71 
159.  28 
127. 18 
80.93 
04.07 
75.60 
75.44 

4.1.3 
46.0 
48.6 
53.0 
55.7 
56.9 
58.1 
59.8 
62.1 
62.6 
60.1 
53.9 
49.8 
49.6 
63.0 

2  89 

1922         .                  ... 

4  55 

1923 : 

1924                                     

4.33 
4  94 

1925 

1926                                     

6.65 
7  06 

19L>:                         

0  93 

1U2S                           

7  51 

l«2;i 

6.44 

1930 

5  26 

1931 

3  86 

1932 

1.85 

193S 

1  76 

1934 

2.05 

1936 

2  42 

I  MineraU  Yearbooks  (Bureau  of  Mines). 

'  See  table  I  of  this  Appendix.    Average  of  Ptie  current  and  2  preceding  years. 

'  See  summary  No.  500a  (construction  manpower). 

The  formula.- — The  following  forinula  was  derived  from  the 
data  for  the  years  of  the  period  1921-32: 

Calculated  consumption  =  565,200  (0.9792)J'<'«'-'»2'X 

(Barrels) 

(consumer  income,  3-vear  average) '-^os^  (constrnction)''-"'^ 
(Billions  1936  d'oUars)  (Billions  1929  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis. 
1921-32,  is  3.1  percent  ,with  a  maximum  of  11.1  percent  occurring 
in  1932. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
7.4  percent,  with  a  maximum  of  —9.6  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  134a 

Clay  Products  Other  Than 

Pottery — Manpower 

Method  used. — Man-hours  were  related  to  production  of  clay 
products  and  a  time  trend  using  data  for  the  years  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ^ 
(1929=100) 

Production ' 
(1929=100) 

1919 

85.9 
92.0 
75.  8 
92.9 
112.4 
110.0 
111.8 
113.7 
109.1 
101.3 
100.0 
68.5 
40  5 
21.1 
20.9 
25.5 
.32.4 

67.1 

1920 - 

73.6 

1921 

61.6 

1922 

80  3 

1923 

104.4 

1924 

99.7 

1925 

109.8 

1926 

111.2 

1927 - 

108.3 

1928 

102.6 

1929 _ 

100.0 

1930 

72.9 

1931 

47.6 

1932 .       . 

22.3 

1933 

25.3 

1934  > 

26.7 

1935' 

36.7 

'  Preliminary  report  on  ProducliiUy  in  the  Clay  Produds  (Other  Than  Pottery)  and 
Non-Ctay  Refractories  Industry  (National  Research  Project  of  the  Works  Progress 
Administration) .  Based  upon  employment  and  hours  data  from  Census  and  Bureau 
of  Labor  Statistics. 

'  Loc.  cit.,  based  upon  quantity  of  26  products,  each  product  weighted  by  its  1929 
value  per  unit. 

'  Preliminary. 

The  formula. — The  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  1919-32: 


Calculated  man-liours=  1.2385  (0.9720)  y««r-i926x 

(1929  =  100) 

(production)  "••'os 

1929=  100) 

The  average  residual  for  the  period  1919-32  is  2.3  percent 
with  the  maximum  of  8.1  percent  occurring  in  1931.  The  average 
residual  for  the  years  of  the  extrapolated  period  1933-35  is  8 
percent,  with  the  maximum  of  10.4  percent  occurring  in  1934. 
Although  these  percentage;-  are  relatively  large,  the  estimates 
may  be  considered  fairly  rehable  since  total  man-hours  had 
declined  to  such  small  ciuan titles  in  these  years. 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  134b 
Clay  Products  Other  Than  Pottery- 
Consumption 

Method  tised. — The  consumption  of  clay  products  was  related 
to  the  Federal  Reserve  Board  index  of  manufacturing  activity, 
the  volume  of  construction  activity,  and  a  time  trend.  An 
exponential  function  was  used  to  express  the  relationship. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  products 


Year 

Consumption  ■ 
(1929=100) 

F.  R.  B.  index 
of  manufac- 
tures >  (1923- 
25=100) 

Deflated  value 
of   construc- 
tion >  (billions 
of  1929 
dollars) 

1919 

67.1 

73.6 

61.6 

80.3 

104.4 

99.7 

109.8 

111.2 

108  3 

102.6 

100.0 

72.9 

47.6 

22.3 

25.3 

26.7 

36.7 

84 

87 

67 

80 

101 

94 

106 

108 

106 

112 

119 

96 

80 

63 

76 

78 

90 

3.06 
2.65 
2.89 
4  55 

1920 

1921 

1922 

1923 

4.33 

1924 

1925 

6.66 

1926 

1927 

6  93 

1928 

1929 

6  44 

1930- 

1931 

3  86 

1932 

1933 

1  76 

1934 

1935 : 

1  See  footnote  2,  summary  No.  134a. 

'  Federal  Reserve  index  of  production  of  manufactures. 

'  See  footnote  2  of  summary  No.  500a,  construction — Manpower. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1919-32: 

Calculated  consumption  =  0.4886  (0.9505)>'""-"2»X 

(1929=100) 

(index  of  manufactures)''"^'"  (construction)"'"" 
(1923-25=100)  (Billions;of  1929  dollars) 

The  average  residual  for  the  years  covered  in  the  analysis, 
1919-32,  is  6.2  percent,  with  a  maximum  of  — 15.3  percent  in 
1919. 

The  average  residual  for  the  years  extrapolated,  1933-35,  is 
5.2  percent,  with  a  maximum  of  —12.2  percent  in  1935. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  134.1a 
Pottery — Manpower 

Method  used. — Man-hours  was  related  to  production  of  pot- 
tery and  a  time  trend,  using  data  for  the  years  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the  cor- 
relation analysis: 
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Manpower  and  related  factors 


Year 

Man-hours  ■ 
(1929=100) 

Production, 

deflated  value  ' 

(millions  of 

1926  do'lars) 

1919  

SO.  4 

90.9 

79.7 

91.9 

104.8 

110.3 

103.8 

105.7 

103.7 

104.5 

100  0 

80.2 

63.6 

46.5 

62.0 

54.6 

61.7 

75.6 

1920                      _ 

85.9 

1921 

71.4 

1922 

90.8 

1923 

113.  1 

1924 

116.2 

1925 

112  0 

1926 

116.5 

1927 

113.1 

1928 

109.3 

1929                -_  - 

114.3 

1930 

93.5 

1931 

80.0 

1932 

62.4 

1933                 

67.9 

19.34  

62.7 

1035              

79.0 

'  Derived  from  Bureau  of  Labor  Statistics  index  of  employrnent  and  actual  hours. 
The  flpures  for  1920  and  1922  of  the  employment  index  were  interpolated  by  means 
of  the  index  of  eiaploynient  in  the  clay  products  industry  given  in  the  preliminary 
report  of  the  Xationsil  liesearch  Project  of  the  Works  Progress  Administration  on 
Proiudmlv  in  the  Clay  Products  Industry.  Actual  hours  for  1919,  1921,  1923,  and  1929 
were  obtained  from  census  prevailing  hours  less  5  percent  and  for  1932-3.'i  from  Biu-eau 
of  Labor  Statistics.  For  the  remaining  years,  hours  were  estimated  by  straight  line 
interpolations. 

2  Based  on  census  data  for  value  of  product,  given  in  the  National  Research  Project 
study  quoted  above,  and  from  Bureau  of  l^abor  Statistics  price  indexes.  The  price 
index  used  to  deflate  value  of  product  is  a  weighted  composite  of  the  Bureau  of  Labor 
Statistics  price  indexes  for  dinner  sets,  cups,  plates,  and  closet  bowls,  weighted  3, 1, 1, 
and  6,  respectively. 

The  formula. — The  following  formula  was  derived  by  correla- 
tion analysis  for  the  years  of  the  period  1919-32: 
Calculated  man-hours  = 

(1929  =.100) 

1.368  (0.983) >"■■-""  (production,  deflated  value)""* 
(Millions  1926  dollars) 

The  average  residual  for  the  period  1919-32  is  2.9  percent, 
with  the  maximum  of  8.2  percent  occurring  in  1928. 

The  extrapolated  values  are  fairly  close;  the  average  residual 
for  these  years,  1933-35,  is  4.0  percent,  with  the  maxinmm  of 
4.6  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  134.1b 
Pottery — Consu  mption 

Method  used. — The  consumption  of  pottery  was  related  to 
consumer  income  and  a  time  trend.  The  correlation  analysis 
covered  the  years  of  the  period  1921-32. 

The  data. — -The  following  table  gives  the  data  used  in  the  analj'- 
sis: 

Consumption  and  related  factors 


Year 

Consumption  i 
(millions  of 
1926  dollars) 

Consumer  in- 
come '  (billions 
1936  dollars) 

1921 

71.4 
96.8 
113.1 
116.2 
112.0 
116.5 
113.1 
109.3 
114.3 
93.5 
80.0 
62.4 
67.9 
62.7 
79.0 

42.3 

1922    

48.8 

1923             

M.8 

1924 

55.4 

1925             

67.0 

1926 

58.3 

1927  

58.9 

1928 

62.2 

1929 

66.3 

1930    

60.4 

1931                       

64.6 

1932 

46.7 

1933 

48.2 

1934  

54.0 

1935    

56.9 

The  formula. — The  following  formula  wa.s  obtained  by  apply- 
ing the  method  of  least  squares  to  tlie  data  for  the  years  of  the 
period  1921-32: 

Calculated  consumption  = 

(Millions  1926  dollars) 

(0.01139  +  0.01934  (0.9301)>'«»'-"'")  (consumer  income)2-(ioo« 

(Billions  1936  dollars) 

The  average  residual  for  the  years  covered  in  the  analysis  is 
3.8  percent,  with  a  maxinuim  of  6.0  percent  in  1926. 

The  average  residual  for  the  years  extrapolated,  1933-35,  is 
6.7  percent,  with  a  maximum  of  9.6  percent  in  1935. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  134.2a 

Marble,  Granite,  and  Other  Stone  and 

Glass  Products — Manpower 

Method  used. — Man-hours  was  related  to  consumer  income  and 
a  time  trend.  An  exponential  relationship  was  fitted  to  the  data 
for  the  years  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours 
per  week  ' 
(millions) 

Consumer  in- 
come '  (billions 
of  1936  dollars) 

1919 

4.64 
4.56 
3.45 
4.20 
5.02 
S.06 
6.53 
6.70 
5.71 
5.51 
4.63 
3.68 
2.69 
1.67 
1.77 
2.04 
2.40 

46.6 

1920                             .  .       

47  0 

1921 

42.3 

1922    

48  8 

1923 - - 

.14.8 

1924     

55  4 

1925 - - 

57.0 

1926  

68.3 

1927 

58.9 

1928  

62.2 

1929                                            ... 

65  3 

1930  

60.4 

1931        .          .          .          .                 

54.6 

1932 

46.7 

1933                                 

48.2 

1934  

64.0 

1935      

66.9 

1  With  foreign  trade  negligible  and  no  adequate  data  available  on  stocks,  produc- 
tion has  been  taken  to  represent  consumption.  Production  was  based  on  Census 
value  of  products,  given  in  the  National  Kcscarch  Project  study  quoted  in  summary 
Ko.  134.1a,  deflated  by  a  jirice  index.  The  price  index  used  was  a  composite  of  Bureau 
of  Labor  statistics  price  indexes  of  dinner  sets,  cups,  plates,  and  closet  bowls  weighted 
3, 1,  1,  and  6  respectively. 

•  See  table  I  of  this  Appendix. 


'  Computed  separately  for  marble  and  granite  and  for  other  stone,  clay,  and  glass 
products,  by  multiplying  employment  by  average  hours  per  week.  Wage  earners  for 
other  stone,  clay,  and  glass  were  obtained  by  sutitracting  from  the  total  wutie  earners 
in  the  stone,  clay,  and  glass  group  the  sum  of  wage  Warners  in  other  seKiiicnts  of  the 
group.  r)ata  from  Census  of  Klanttfacturts  fur  odd  years  and  interpolated  for  even 
years  using  the  Bureau  of  Labor  .statistics  indexes  of  employment,  .\verage  hours 
per  week  for  1932-36  are  an  average  (unweighted)  of  average  hours  in  marble,  brick,, 
cement,  glass,  and  pottery,  as  given  by  the  Bureau  of  Labor  Statistics:  for  1919,  1921, 
1923,  and  1929  they  are  derived  by  takinc  .I  i)ercent  from  the  Census  prevailing  hours; 
other  years  are  obtained  by  linear  interpolation  NVage  earners  for  marble  are  ob- 
tained from  the  census  for  odd  years  and  by  interpolation  with  Bureau  of  Labor 
Statistics  employment  index  for  even  years,  .\verage  hours  for  1932-30  are  obtained 
from  the  Bureau  of  Labor  Statistics;  for  1919,  1921,  1923,  and  1928  by  deducting  5 
percent  from  Census  prevailing  hours,  and  for  other  years  by  straight  line  interpola- 
tion. 

'  See  table  I  of  this  .^^ppendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  man-hours  per  week  = 
86.16  (0.9201)>«"'-'™  (consumer  income)'™' 
(Billions  1936  dollars) 

The  average  residual  for  the  period  1919-32  is  7.4  percent, 
with  the  maximum  of  19.5  percent  occurring  in  1927. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
5.0  percent,  with  the  maximum  of  7.1  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  92  percent. 

Summary  No.  135a 
Fertilizer — Manpower 

Method  used. — Manpower  is  related  to  production  and  a 
time  trend.  An  exponential  relationship  was  fitted  to  the 
data  for  1920  to  1932  and  the  time  trend  factor  subsequently 
modified. 
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The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ' 
(1929=100) 

Production  3 
(1929=100) 

1920 

136.6 
80.3 
84.4 
90.0 
82.4 
94.2 
99.7 
89.1 
94.9 

100.0 
93.3 
63,0 
42.7 
51.6 
57.0 
58.8 

92  1 

1921 

63  0 

1922 

71  8 

1923 

79  6 

1924     . 

81  9 

1925 

85  2 

1926 

88  3 

1927 

85  3 

1928     ... 

99  2 

1929 

100  0 

1930 

98  4 

1931 

73.9 

1932      

50  6 

1933 

56.6 

1934 

63  5 

1935 

69.7 

>  Preliminary  report  on  ProductwUy  in  the  Ferlitizer  Industry  (National  Research 
Project  of  the  Works  Progress  Administration).  Based  upon  employment  data 
from  census  and  Bureau  of  Labor  Statistics  and  hours  data  from  National  Industrial 
Conference  Board.  Census,  and  Bureau  of  Labor  Statistics. 

^  Loc.  cit.,  based  upon  Census  production  data  interpolated  by  National  Fertilizer 
Association  consumption  data. 

The  formula. — The  following  fornnila  was  derived  from  the 
data: 

Calculated  man-hours  = 

(1929=100) 

(0.4901+0.1845  (0.8806)>"'-^-'»2«)   (production) 'o»3 

(1929  =  100) 

The  average  residual  for  the  j'ears  of  the  period  covered, 
1920-32,  is  3.9  percent,  w'ith  the  maximum  of  —10.0  percent  in 
1924. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  5.9  percent,  with  the  maximum  of  8.9  percent 
occurring  in  1933. 

The  amount  of  variation  explained  is  95  percent. 


Summary  No.  135b 
Fertilizer — Consumption 

Method  used. — The  consumption  of  fertilizer  is  related  to  the 
real  cash  crop  income  of  the  previous  year,  the  ratio  of  prices 
received  to  prices  paid  in  the  current  year,  and  a  time  trend. 
An  exponential  relationship  was  fitted  to  the  data  for  the 
years  1924-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Fertilizer 
consumption  i 
(millions  tons) 

Real  cash  crop 
income  pre- 
vious year  ^ 
(1929  =  100) 

Ratio  of  prices 

received  to 

prices  paid  by 

farmers  3 

(percent) 

1924 

68.25 
73.33 
73.28 
68.43 
79.85 
79.74 
8L63 
63.06 
43.36 
48.71 
55.  48 
62.21 

105.5 
109.3 
105.9 
97.0 
102.4 
100.0 
101.9 
80.2 
60.6 
54.0 
68.2 
72.0 

94 

1925 

99 

1926  ...  . 

94 

1927 

1928  - 

96 

1929 

95 

1930-.  

87 

1931.. _ 

1932.. 

61 

1933 

64 

1934 

74 

1935 

86 

The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  period  1924-32: 

Calculated  consumption  = 
(Ten  million  tons) 

0.01555  (1.0471)''>""-"i28  (cash  crop  income  previous  vear)'""x 

(1929=100) 

(ratio  prices  received  to  prices  paid)"-'" 

The  average  residual  for  the  years  1924-32  is  1.5  percent, 
with  the  maximum  of  2.4  percent  occurring  in  1928. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
11.0  percent  with  the  maximum  of  21.8  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  98  percent. 

Summary  No.  136a 
Coke-^Manpower 

Method  used. — Man-hours  in  the  coke-producing  industry  was 
related  to  coal  consumed  in  the  manufacture  of  coke  by  an  ex- 
ponential formula  for  the  period  1921-32:  Coke  used  for  domestic 
purposes  and  coke  used  for  industrial  purposes  were  analyzed 
separately  '  but  were  added  together  and  a  relation  between  toal 
coke  consumed  and  coal  consumed  in  the  manufacture  of  coke 
was  derived.- 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours  ' 
(millions) 

Production, 
coal  consumed  3 
(million  tons) 

1921.. 

40.7 
52.6 
66.6 
51.9 
61.0 
61.6 
58.2 
54.  1 
63.7 
56.0 
44.6 
33.2 
37.2 
42.9 
40.9 

37  19 

1922 ._ 

1923 

84  36 

1924 .. 

1925  

74  53 

1926 

1927 

74  45 

1928 

77  18 

1929... 

86  79 

1930 

1931  .. 

48  61 

1932 

31  92 

1933 

1934.. 

45  98 

1935 

1  National  Fertilizer  Association,  616  Investment  Bldg.,  Washington,  D.  C, 
Fertilizer  Consumption  in  ftie  United  States. 

'  Cash  crop  income  as  given  by  the  Survey  of  Current  Business  deflated  by  prices 
paid  by  farmers  as  given  by  the  Bureau  of  Agricultural  Economics  and  Standard 
Statistics,  converted  to  a  1929  base. 

«  Standard  Trade  and  Securities,  vol.  3,  Statistical  Section,  p.  D-23,  June  .5, 1936. 


■  Coke  Oten  .-UeMents  in  the  United  States  (Bureau  of  Mines),  1931. 
'  Minerals  Yearbook  and  Mineral  Resources  of  the  United  States  (Bureau  of  Mines). 
Production  is  measured  by  the  consumption  of  coal  in  the  process. 

The  formula. — Tlie  following  formula  was  obtained  from  the 
data  for  the  years  1921-32: 

Calculated  man-hours  per  week  = 

4,571,000  (0.9900) >'">->»2s  (coal  consumption)"™" 

(Million  tons) 

The  average  residual  for  the  years  1921-32  is  2.9  percent, 
with  the  maximum  of  —8.0  percent  occurring  in  1928. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  3.9  percent  with  the  maximum  of  5.4  percent  oc- 
curring in  1934. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  136b 

Coke — Consumption  (Industrial) 

Method  used. — Coke  consumption  was  divided  into  two  com- 
ponents— coke  consumed  for  industrial  uses  and  that  consumed 
for  domestic  uses.  The  factors  which  were  related  to  the  con- 
sumption of  coke  for  industrial  purposes  were  the  production  of 
pig  iron  and  a  time  trend. 


'  See  summary  No.  136b. 
'  Calculated  coal  consumed  = 
(Millions  of  tons) 


-2.2-1-1.502  (coke  consumed  for  all  purposes). 
(Millions  of  net  tons) 
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The  data. — The  following  table  gives  the  data  used  in  the 

analysis: 

Consumption  and  related  factors 


Year 

Coke  con- 
sumption ' 
(millions  of 
tons) 

Pig  iron 

production ' 

(millions  of 

tons) 

44.7 
48.3 
22.6 
36.1 
83.7 
41.2 
47.6 
51.0 
45.7 
46.4 
62.0 
38.7 
23.8 
12.9 
17.7 
20.6 
26.3 

31.0 

1*120                             -* 

36.9 

16.7 

1922                              -  

27.2 

40.4 

1924                        

31.4 

36.7 

192fi                       i 

39.8 

3fi.fi 

1928                     „  

38.2 

1929          

42.fi 

1930                     

31.8 

1931        

18.4 

1932                     „  — 

8.8 

1933            

13  3 

1934                      

Ifi  1 

1935               

21,4 

I  Data  on  coke  consumption  for  1922-35  are  from  the  Minerals  Yearbook  of  the 
Bureau  of  Mines  and  include  furnace  coke,  foundry  and  other  industrial  coke,  and 
coke  u.^ed  by  producer:  screenings  and  breeze  are  excluded.  For  the  years  l!tl*.t-22 
an  estimate  was  made  deductins  an  estimate  of  "domestic  coke  sold"  from  the  total. 
This  estimate  in  turn  was  made  by  deductini!  an  estimate  for  "other  industrial  coke" 
from  "domestic  and  other  coke  sold."  For  1919,  breeze  and  screenings  were  also 
deducted.    Data  were  taken  from  Mineral  Resources  (Bureau  of  Mines). 

'  Data  on  pi(r  iron  production  are  taken  from  the  Iron  Age— given  in  Standard 
Trade  and  Securities.  Statistics  Section,  p.  G-5. 

The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  coke  used  for  industrial  purposes= 
(Millions  of  net  tons) 

1.860  (pig  iron  produced)''-^""'  (0.9922)"»^'»" 
(Millions  of  gross  tons) 

The  average  residual  for  the  years  of  the  period  covered, 
1919-32,  is  2.4  percent,  with  the  maximum  of  5.8  percent  occur- 
ring in  1921. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  1.3  percent  with  the  maximum  of  1.9  percent  occur- 
ring in  1935. 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  136c 

Coke — Consumption  (Domestic) 

Method  used. — The  coke  consumed  for  domestic  uses  was 
related  to  the  ratio  of  the  price  of  coke  to  the  retail  price  of 
bituminous  coal  and  time.  In  this  case  the  linear  formula 
appeared  to  be  more  satisfactory  than  the  usual  exponential 
formula. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Coke  consumed 
for  domestic 

purposes  (mil- 
lions of  net 
tons) ' 

Price  of  coke 

deflated  by 

price  of  coal 

(1923-25=100)' 

1923  

2.73 
2.95 
4.48 
5.44 
4.81 
6.33 
7.51 
8.03 
8.50 
9.63 
10.49 
10.52 
9.43 

108.7 

1924       

95  8 

1925 

95.5 

1928 

99.9 

1927        

92  8 

192S 

87.5 

1929 

88  8 

1910            . .  -  . 

S5  1 

1931 

86.0 

1932 

85  1 

1933 

83.3 

1934 

87.7 

1935           •   

88.  S 

The  formula.- — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1923-32: 

Calculated  coke  consumed  for  domestic  purposes  = 

(Millions  net  tons) 

25.09  —  0.2233  (price  of  coke  deflated  by  price  of  coal)-f 

(1923-25=100) 

0.3600  (year- 1923) 

The  early  years  fitted  very  badly.  This  is  not  due  to  a  poorly 
fitting  curve  as  such  but  the  large  percent  residuals  are  due  to 
the  very  small  amount  of  coke  consumed  for  domestic  purposes 
in  the  early  twenties. 

The  average  residual  for  the  fitted  period  is  74.3  percent  and 
the  largest  2  residuals  are  —271.6  percent  and  237.1  percent  for 
1929  and  1923,  respectively.  If  these  first  2  years  are  dropped 
the  average  residual,  1925-32,  is  10.8  percent,  with  the  largest 
residuals  40.9  percent  and  —17.1  percent  for  1926  and  1927, 
respectively. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
5.8  percent,  with  the  maximum  of  11.2  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  74  percent. 

Summary  No.  137a 

Iron  and  Steel — Manpower 

Method  used. — Man-hours  was  related  to  production  and  a 
time  trend  for  the  period  1923-32. 

The  data. — The  data  used  in  the  analysis  are  presented  in  the 
following  table: 

Manpower  anS  related  factors 


Year 

Man-hours 
per  week  ' 

(millions) 

Production  ' 
(1923-25=100) 

1923        

24.5 
20.2 
21.4 
22.3 
20.7 
21.1 
23.0 
17.9 
12.1 
6.4 
9.8 
10.2 
12.8 

lOS 

1924                               

89 

1925           - 

106 

1926                        . 

113 

1927 

104 

1928                   .              

119 

1929     

130 

1930            

94 

1931 

fin 

1932 

31 

1933 

,13 

1934                

60 

1935 

79 

'  Minerals  Yearbo.k  and  Mineral  Resources  of  the  United  States,  Bureau  of  Mines. 

'  Source  of  coke  price:  Minerals  Yearbook  and  Mineral  Resources  of  the  United  States 
(Bureau  of  Mines) .  Wholesale  price  of  domestic  coke  in  dollars  per  net  ton.  Includes 
beebivo  and  byproduct  coke.  Source  of  coal  prices:  Surrey  of  Current  Business. 
Retail  price  of  bituminous  coal  in  dollars  per  net  ton,  based  on  38  cities.  These  2 
series  were  expressed  as  a  ratio  and  put  on  a  1923-25  base. 


'  Computed  by  mutiplying  employment  by  average  hours  per  week.  Employment 
data  from  Census  of  Mamilactures  in  odd  years,  interpolated  by  Bureau  of  Labor 
Statistics  indei  of  employment  in  even  years.  Average  hours  per  week  data  from 
National  Industrial  Conference  Board,  Wages,  Hours  and  Kmplotimenl  in  the  United 
Stales,  mi-te.  pp.  112-115. 

•  Federal  Reserve  Board  index  of  iron  and  steel  production. 

The  formula. — The  following  formula  was  obtained  using  the 
data  for  the  years  of  the  period  1923-32: 

Calculated  man-hours  per  week= 

(Millions) 
0.4777  (0.9681)  y-r-im  (production)  »■«»" 

(1923-25=100) 

The  average  residual  for  the  years  of  the  period  covered,  1923- 
32,  is  2.8  percent,  with  the  maximum  of  —5.0  percent  occurring 
in  1928. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  1.2  percent,  with  the  maximum  of  —2.9  percent 
occurring  in  1934. 

The  amount  of  variation  explained  is  98.5  percent. 

Summary  No.  137b 

Iron  and  Steel — Consumption 

Method  used. — The  factors  which  were  related  to  iron  and  steel 
consumption  are  industrial  activity  and  a  time  trend.  The 
Federal  Reserve  Board's  index  of  industrial  production  was  used 
to  represent  industrial  activity.     It  is  recognized  that  in  this 
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index  iron  and  steel  production  forms  a  major  component.  But 
since,  for  the  purpose  of  tliis  study,  only  the  statistical  relation- 
ship and  not  a  causal  relationship  is  desired,  there  is  no  spurious- 
ness  involved  in  the  correlation  from  this  point  of  view.  The 
exponential  formula  was  replaced  by  the  linear  formula  because 
the  latter  gave  a  slightly  better  fit  and  because  the  graphical 
analysis  did  not  indicate  curvilinearity. 

The  data. — The  following  data  were  used  in  the  analj'sis: 

Consumption  and  related  factors 


Manpower  and  related  factors 


Year 

Iron  and  steel 

consumption  ' 

(millions  gross 

tons) 

Industrial 
production  ' 
(1923-25=100) 

1918 

29.3 
36.0 
16.7 
32.1 
41.  S 
35.1 
42.4 
45.1 
41.2 
47.0 
51.3 
37.3 
24.1 
12.6 
21.4 
23.7 
31.7 
44.2 

83 

1920 

87 

1921                        .                 .  .      .          _ 

67 

1922 

85 

1923  .               ... 

101 

1924 

95 

1925  .  . 

104 

1926 

103 

1927  .  . 

106 

1928 

111 

1929 

119 

1930 

96 

1931 

81 

1932 

64 

1933 

76 

1934 

79 

1935 

90 

1936 

105 

1  This  is  computed  by  converting  the  Federal  Reserve  Board  index  into  the  actual 
quantities  of  iron  and  steel  produced  by  applyinp  the  factor  40.8S0  (OOO's)  gross  tons 
(the  base  lisiure  for  1923-25).  The  production  is  then  adjusted  by  exports  and  im- 
ports of  iron  and  steel  as  reported  in  the  Annual  Statistical  Report  of  the  American 
Iron  and  Steel  Institute.  Scrap  is  excluded  from  exports  and  imports.  The  result  is 
the  amount  of  iron  and  steel  available  for  consumption  in  the  domestic  market.  No 
adjustment  for  changes  in  stocks  was  made. 

'  Federal  Reserve  Board. 


The  formula.- — ^The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1923-32: 

Iron  and  steel  consumption  = 

(Millions  gross  tons) 

0.72148  (index  industrial  production)  — 33.31 

(1923-25  =  100) 

The  average  residual  for  the  period  1923-32  is  2.h  percent,  and 
the  maximum  residual  of  4.8  percent  occurring  in  1923. 

Iron  and  steel  consumption  was  also  calculated  for  the  4 
years  1933-36.  The  average  residual  for  these  4  years  is  1.2 
percent,  the  maximum  residual  of  4.2  percent  occurring  in  1936. 
Considering  that  iron  and  steel  consumption  fluctuates  violently 
throughout  the  period,  these  extrapolated  values  seem  to  be 
reasonably  close. 

The  amount  of  variation  explained  is  98  percent. 

Summary  No.  138a 

Nonferrous  Metals  Other  Than  Copper 

(Smelting  and  Refining)— Manpower 

Method  used. — Employment  was  related  directly  to  the  index 
of  production  of  the  products  in  this  segment.  No  time  factor 
was  utilized. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 


Year 

Employment  • 
(thousands) 

Production  ' 
(1929=100) 

1921 

12.7 
16.5 
20.9 
21.3 
21.0 
21.0 
20.2 
18.0 
21.5 
18.2 
13.3 
11. 1 
12.6 
15.5 
16.8 
17.8 

40 

1922 

55 

1923 

74 

1924 

79 

1925 

88 

1926 

93 

1927 

94 

1928 

'  98 

1929.--. 

100 

1930 

85 

1931 

61 

1932 

42 

1933 

49 

1934 

64 

1935 

64 

1936 - 

78 

'  Odd  years  1921-35  Cetisus  of  Manufactures  (nonferrous  metals  less  copper);  years 
1924,  1932,  1934,  and  IKiO.  interpolated  from  liureiiu  of  l.;il«ir  Statistics  index  of  em- 
ployment. Years  1922,  192C.  1928.  and  HBO,  inlcrpolateil  utilizing  employment  series 
given  by  Bureau  of  Mines.  Accidents  in  Afctalliirgical  I'lants.  and  adjusted  by  man- 
days  series  in  Nonferrous  Metals  Planis,  Excluding  Copper,  published  by  Bureua  of 
Mines. 

'  Minerals  Yearbook  (Bureau  of  Mines).  Index  based  on  production  of  lead,  zinc, 
tin,  and  nickel  (primary  and  secondary)  weighted  by  1929  values. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1921-32: 

Calculated  employment  =  33.0- 196.81  (production)-"-^'*' 
(Thousands)  (1929  =  100) 

The  average  residual  for  the  period  1921-32  is  9.6  percent, 
with  the  maximum  of  —17.9  percent  occurring  in  1931. 

The  average  residual  for  the  extrapolated  period  1933-36  is 
4.3  percent,  with  the  maximum  of  —.8.7  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  73  percent. 

Summary  No.  138b 
Lead — Consumption 

Method  used. — The  factors  which  were  related  to  consumption 
are:  Consumer  income.  Federal  Reserve  Board  index  of  industrial 
production,  and  time.  The  relation  was  expressed  by  an  ex- 
ponential function  which  was  subsequently  modified.  The 
years  covered  are  1921-32. 

Tlie  data. — The  following  table  gives  the  data  used  in  the 
correlation  analysis: 

Consumption  and  related  factors 


Year 

Constimption ' 
(thousands 
short  tons) 

Consumer  in- 
come' (billions 
of  1936  dollars) 

Industrial 
production  > 
(1923-25=100) 

1921        

621                         42. 3 

67 

1922                                     ...     . 

683 
768 
812 
856 
901 
841 
931 
972 
769 
568 
416 
453 
491 
543 

48.8 
54.8 
S.l.  4 
67.0 
.18. 3 
58.9 
62  2 
65  3 
60.4 
54.6 
46  7 
48.2 
54.0 
56  9 

85 

1923         

101 

1924                                        

95 

1925 

104 

1926                                            

108 

1927 

106 

1928                          .                 

111 

1929 

119 

1930                       

96 

1931 

81 

1932                   

64 

1933 -- 

76 

1934             

79 

1935 -- 

90 

1  Mineral  Hesources  and  A/mcra/s  Yearbook  (Bureau  of  Mines)  for  the  respective 
years.  Data  compiled  by  American  Bureau  of  Metal  Statistics  represent  consump- 
tion of  primary  and  secondary  lead. 

'  See  table  1  of  this  Appendix. 
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The  formula. — The  following  formula  was  derived  by  correla- 
tion analj-sis  for  the  years  of  the  period  1921-32: 

Calculated  consumption  = 
(Thousands  net  tons) 

[0.4039  (1.006-0.0274  (year-1926)]    ^r^^.Z^:^^^''"^  "" 
(production)'=»2»« 

(1923-25=100) 

The  average  residual  for  the  years  of  the  period  covered, 
1921-32,  is  2.2  percent,  with  the  maximum  of  —9.3  percent 
occurring  in  1923. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  3.5  percent,  with  the  maximum  of  —4.9  percent 
occurring  in  1935. 

The  amount  of  variation  explained  is  96.5  percent. 

Summary  No.  138c 
Zinc — Consumption 

Method  used. — The  factors  which  were  related  to  zinc  con- 
sumption are  the  Federal  Reserve  Board  index  of  industrial 
activity  and  a  time  trend.  An  exponential  relationship  was 
fitted  to  the  data  for  1919-32. 

The  data. — The  following  table  shows  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


The  data. — The   following   table    gives  the  data  used  in  the 
analysis: 

.Consumption  and  related  factors 


Year 

Zinc  consump- 
tion >  (thousand 
tons) 

Industrial 
production  > 
(1923-5=100) 

1919 

402 
424 
263 
440 
615 
512 
579 
622 
•  683 
626 
634 
451 
370 
259 
350 
360 
461 

83 

1920       

87 

1921 

67 

1922      — 

85 

1923 - 

101 

1924     „ 

95 

1925 

104 

1926 

108 

1927 

106 

1928 

111 

1929                   

119 

IMO — 

96 

1931            

81 

1932 

64 

1933      

76 

1934                                          

79 

1935          

90 

'  Data  from  the  .\mcrican  Bureau  of  Metal  Statistics  as  reproduced  in  Minera 
Resources  and  Minemtx  Yearbook  of  the  Bureau  of  Mines. 
'  Sec  tabic  I  of  this  .\ppcndix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1919-32: 

Calculated  consumption  = 

(Tons) 

342.8  (0.99574)>'"'"'~'»-«  (industrial  production) '•5i»' 

(1923-25  =  100) 

The  average  residual  for  the  years  covered,  1919-32,  is  4  per- 
cent, with  a  maximum  of  —7.3  percent  occurring  in  1929. 

The  average  residual  for  the  years  extrapolated,  1933-35,  is 
5.9  percent,  with  a  maximum  of  8.0  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  138d 

Nonferrous  Metals  Other  Than  Copper, 

Lead,  and  Zinc — Consumption 

Methods  used. — The  consumption  of  the  products  in  this 
segment  was  related  to  the  Federal  Reserve  Board  index  of 
production  and  a  time  trend  utilizing  a  linear  relationship  with 
an  exponential  time  factor. 


Year 

Consumption ' 
(1926=100) 

Industrial 

production ' 

(1923-25=100) 

1919                                        

64.3 
74.5 
32.1 
56.0 
83.7 
86.4 
96.9 
100.0 
101.4 
141.0 
136.9 
116.7 
93.1 
55.8 
80.4 
72.4 
99.2 

83 

1920 

87 

1921                   

67 

1922 

85 

1923 

101 

1924 

95 

1925 - 

104 

1926                      '. 

108 

1927 - 

106 

1928. 

111 

1929 

119 

1930 

96 

1931                                                        

81 

1932 

64 

1933                .                

76 

1934 

79 

1936     .                   

90 

I  Minerals  Yearbook.    Aggregate  index  ot  consumption  o(  aiumiaum,  tin,  and 
nicl;el,  weighted  by  1929  unit  values. 
'  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  consumption  = 

(1926=100) 

[1.6529  (industrial  production)— 67.8]  ^  njs  y„r-i»2j 

(1923-25  =  100)  \'-^'*) 

The  average  residual  for  the  j'ears  1919-32  is  11.2  percent, 
with  the  maximum  of  23.8  percent  in  1920. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
11.8  percent,  with  the  maximum  of  —15.5  percent  occurring  in 
1934. 

The  amount  of  variation  explained  is  89  percent. 

Summary  No.  138.1a 

Copper  Smelting  and  Refining — 

Manpower 

Method  used. — Manpower  was  related  to  copper  production 
and  a  time  trend.  An  additive  relationship  was  derived  based  on 
the  data  for  the  period  1921-32.  The  additive  form  of  the 
function  appeared  to  give  a  somewhat  better  fit  than  the  multi- 
plicative form. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Wage  earners ' 
(thousands) 

Production  of 

refined  copper  * 

(thousands  o( 

tons) 

1921                              

8.3 
11.2 
16.8 
16.2 
15.6 
15.5 
13.9 
14.5 
14.5 
12  7 
8.6 
6.0 
5.6 
8.4 
10.4 
11.9 

639 

1922                                      -.-  

844 

1923 

1.294 

1924.                              

1.402 

1925 

1,406 

1926               - 

l.SK 

1927                                      

1,527 

1928          

1,644 

1929                            

1.844 

1930 

1.425 

1931              

1.017 

1932                                   

525 

1933 

634 

1934                               

759 

1935                 •                             

954 

1936 

1.210 

'  Censm  o)  Mantijacluret  data  in  odd  years,  interpolated  in  192t,  1932,  1934,  and 
1936  by  Bureau  of  Labor  Statistics  employment  index,  and  in  1922,  1926.  1928,  and 
1930  by  a  series  of  emplo^^nent  in  mills  and  smelters  in  copper  metallurgical  plants 
from  Acddenis  at  MetaUnrgieal  Works  irk  the  United  Slates  (Bureau  of  Mines). 

>  Bureau  of  Mines.  Mineral  Resources  ol  the  United  States  and  .\/inf'a/j  1  earbook. 
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The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  years  of  the  period  1921-32: 


Calculated  employment = 
(Thousands) 

19.1115-159,866  (production)-'  ""«»-0.308  (year- 
(Thousands  ot  tons) 


1919) 


The  average  residual  for  the  period  1921-32  is  12.1  percent, 
with  the  maximum  of  50.0  percent  occurring  in  1932. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is  8.4 
percent,  with  the  maximum  of  — 13.8  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  138.1b 
Copper — Consumption 

Method  used. — The  consumption  of  refined  copper  was  related 
to  the  Federal  Reserve  Board  index  of  industrial  production,  the 
consumer  income,  and  time,  by  an  exponential  formula  with  a 
linear  multiplicative  time  trend,  for  the  years  1919-32. 

The  data. — The  following  tabic  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Consumption 
of  refined 
copper  1 

(thousands  of 
net  tons) 

Industrial 
production  J 
(192.3-25=100) 

Consumer  ' 

income 
(billions  of 
1936  dollars) 

1919 

457.2 
526.9 
305.6 
448.3 
650.2 
677.4 
700.5 
785.1 
711.6 
804.3 
889.3 
632.6 
451.0 
259.6 
339.4 
322.6 
425.5 

83 
87 
67 
85 
101 
95 
104 
108 
106 
111 
119 
96 
81 
64 
76 
79 
90 

46.6 

1920 

47.0 

1921                                              .  ... 

42.3 

1922                   

48.8 

1923 

64.8 

1924    .   

66.4 

1925                                               

57.0 

1926 --- 

58.3 

1027                                    

58.9 

1928 

62.2 

1929                             

65.3 

1930 

60.4 

1931               .                

54.6 

1932 

46.7 

1933          .                

48.2 

1934 -.- 

54.0 

193S     .          .              

56.9 

I  Bureau  of  Mines,  reported  in  Standard  Statistics;  annual  totals  for  United  States 
only.    Does  not  include  secondary  copper. 
>  See  table  I  of  this  Appendix. 

The  formula. — The  formula  derived  from  the  data  to  express 
the  relationship  for  the  years  1919-32  was: 

Calculated  copper  consumption  = 

(Thousands  of  net  tons) 

0.008138  (industrial  production)'"'*    (consumer  income) '-^''^X 
(1923-1925=100)  (Billions  of  1936  dollars) 

[1.008-0.0269  (year- 1926)] 

The  average  residual  for  the  period  1919-32  is  3.4  percent, 
with  the  maximum  of  —7.6  percent  occurring  in  1922. 

The  average  residual  for  the  extrapolated  period  1933-35  is 
10.0  percent,  with  a  maximum  of  —15.0  percent  occurring  in 
1934. 

The  amount  of  variation  explained  is  96.5  percent. 

Summary  No.  139a 

Iron  and  Steel  Products — Manpower 

(Excluding  Machinery) 

Method  used. — This  segment  includes  all  iron  and  steel  products 
except  the  ind<istry  classified  by  the  Census  as  iron  and  steel,  and 


machinery.  The  output  was  measured  in  terms  of  dellated 
value.  A  man-hours  series  was  related  to  output  and  a  time 
trend. 

The  data. — The  following  tal)le  presents  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours 
per  weelc  • 
(millions) 

Deflated  value 
of  output ' 
(millions  of 
1926  dollars) 

1920                              

23.69 
13.29 
18.95 
23.13 
20.18 
22.44 
23.18 
21.41 
21.37 
22.79 
16.65 
11.32 
7.36 
8.79 
11.13 
13.38 
18.64 

2,610 

1921 

1,470 

1922            

2,230 

1923  

2,570 

1924            

2,250 

1926 

2,700 

1926  

2,920 

1927       •                      - 

3,810 

1928  

3,060 

1929                                .  _     

3,080 

1930  

2,500 

1931                            

1,860 

1932 : 

1,080 

1933                            .             

1,400 

1934  

1,760 

1935                                        

2,340 

1936  - 

3,120 

'  Computed  by  multiplying  employment  by  average  hours  per  week.  Average 
hours  per  week  were  obtained  from  the  National  Industrial  Conference  Board  data 
on  average  hours  in  foundries,  machines  and  machine  tools,  and  hardware  and  small 
parts  industries.  A  simple  average  was  taken  weighting  each  series  ef|ually.  The 
number  of  wage  earners  for  all  years  except  1920  and  1922  was  oblained  by  deducting 
the  wage  earners  in  the  iron  and  steel  industry  from  the  wage  earners  in  the  total  iron 
and  steel  group.  The  wage  earners  in  the  total  iron  and  steel  group  and  in  the  iron 
and  steel  industry  were  taken  from  the  Census  of  Manufactures  for  odd  years,  and 
even  years  were  interpolated  with  the  employment  indexes  of  tlie  Bureau  of  Labor 
Statistics.  1920  and  1922  were  obtained  by  using  the  geomelric  means  of  ratios  be- 
tween total  iron  and  steel  group  wage  earners  and  other  iron  and  steel  wage  earners 
for  prior  and  subsecjuent  years. 

'  A  i)rice  iniiex  of  iron  and  steel  products  was  obtained  by  computing  an  average 
of  the  Bureau  of  Labor  Statistics  price  indexes  for  planes,  barrels,  bolts,  noncutting 
tools,  nails,  cast  pipe,  other  pipe,  saws,  and  wire,  weighted  according  to  the  weights 
given  bv  the  Bureau  of  Labor  Statistics.  This  index  was  used  to  deflate  tho  value  of 
products  obtained  from  the  Census  of  Manufactures  lor  odd  years.  Even  years  were 
interpolated  by  using  the  production  of  steel  ingots,  obtained  from  t  he  American  Iron 
and  Steel  Institute,  The  Iron  Age,  Jan.  3,  1935.  p.  275.  and  the  Annual  Statistical 
Report  of  the  American  Iron  and  Steel  Institute,  corrected  to  include  electric  and 
crucible  steel. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1920-32: 

Calculated  man-hours/ week  = 

(Millions) 

0.008517  (0.9683)  ".r-im  (deflated  value  of  output)  »»88« 

(Millions  1926  dollars) 

The  average  residual  for  the  years  1920-32  is  4.2  percent, 
with  the  maximum  of  7.6  percent  occurring  in  1924. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
3.1  percent,  with  the  maximum  of  5.8  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  97.5  percent. 

Summary  No.  139b 

Iron  and  Steel  Products — 

Consumption 

Method  used. — The  factors  which  were  related  to  the  consump- 
tion of  iron  and  steel  products  are  the  Federal  Reserve  Board 
index  of  industrial  production  and  a  relative  price  index  for  the 
years  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Consumption  and  related  factors 


Year 

Consumption  ' 
(ten  millions, 
1926  dollars) 

Industrial 
production  ' 
(1923-25=100) 

Relative 

price  >  (1926= 

100) 

1919 

184 
250 
140 
210 
252 
219 
263 
2SS 
274 
1S7 
300 
243 
182 
106 
138 
173 
231 
308 

83 
87 
67 
85 
101 
95 
104 
108 
106 
111 
119 
96 
81 
64 
70 
79 
■     90 
105 

83.2 

1920         

84.7 

1921 

108.1 

1922                               — 

95.8 

1923 

103.3 

1924                                          _  _ 

107.3 

1925 

98.3 

1926 

100.0 

1927 

100.9 

1928 

99.2 

1929       

102.1 

1930 

104.6 

1931              

115.2 

1932 

124.7 

1933                     .      . 

119.6 

1934 

113.1 

1935 

104.5 

1936 

102.5 

'  Data  on  consumption  are  obtained  by  deducting  deflated  net  e.xport  values  from 
the  deflated  value  of  production  as  obtained  in  the  man-hour  analysis,  summary  No. 
139a.  Imports  and  exports  are  taken  from  the  Statistical  Abstract  of  the  United  Stnlet, 
Department  of  Commerce. 

•  Federal  Reserve.    See  table  I  of  this  Appendix. 

>  See  summary  No.  139a:  Iron  and  steel  products— Manpower. 

The  formula. — The  formula  obtained  from  the  data  for  the 
period  1919-32  is  as  follows: 

Calculated  consumption = 
(Ten  millions  of  1926  dollars) 

2.65  (0.9976)  »"r-i«2«  (industrial  production)  i.<7»sx 

(1923-25  =  100) 

(relative  price) -»"»« 

(1926=100) 

The  average  residual  for  the  years  of  the  period  1919-32,  is 
5.1  percent,  with  the  maximum  of  —13.6  percent  occurring  in 
1919. 

The  average  residual  for  the  extrapolated  period,  1933-35, 
is  11.0  percent,  with  the  maximum  of  18.0  percent  occurring  in 
1936. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  140a 
Nonferrous  Metal  Products — 
Manpower 

Method  vsed. — Man-hours  were  related  directly  to  the  Federal 
Reserve  Board  index  of  industrial  production  over  the  interval 
1925-32  from  which  the  relationship  was  derived. 

The  data. — The  following  table  gives  the  data  used  in  the 
analj'sis: 

Manpower  and  related  factors 


Year 

Man-hours  i 

(millions  per 

week) 

Industrial 

production  > 

(1923-25=100) 

1925 

11.50 
11.76 
11.45 
12.20 
13.40 
10.28 
7.48 
5.29 
6.23 
7.57 
9.24 

104 

1926 :. 

108 

1927 

106 

1928 

111 

1929 

119 

1930: 

96 

1931 

81 

1932 

64 

1933 

76 

1934 

79 

1933 

90 

'  Wageeamersforoddyears(CtTi»wo/A/anu/iic/«rM):  for  even  years  the  Bureau 
of  Labor  Statistics  employment  series  for  seven  nonferrous  metals  products  was 
used  as  an  interpolating  medium,  .\verage  hours  per  week  for  1932-35  (Bureau  of 
Labor  Statistics);  for  the  years  1925-32  the  average  hours  per  week  for  25  industries 
(National  Industrial  Conference  Board)  spliced  to  the  Bureau  of  Labor  Statistics 
series  in  1932  was  utilized. 

*  See  tJible  I  of  the  Appendix. 


The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1925-32: 

Calculated  man-hour8= 
(Millions  per  week) 

0.009448  (industrial  production) ' -s^ss 

(19^-25=100) 

The  average  residual  for  the  years  1925-32  is  1.7  percent,  with 
a  maximum  of  3.9  percent  occurring  in  1930. 

The  average  residual  for  the  extrapolated  period,  1933-35, 
is  5.4  percent,  with  a  maximum  of  —10.1  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  14Ia 
Automobiles — Manpower 

Method  used. — An  index  of  man-hours  was  related  to  production 
of  all  automobiles  and  a  time  trend. 

The  data. — The  following  table  gives  the  data  that  was  used 
in  the  analysis: 

Manpower  and  related  factors 


Year 

Man-hours/ 

week>  (1923- 

25=100) 

AubomobUe 
production  > 
(1923-25=100) 

1920 

86.8 
50.5 
74.2 
102.5 
90.6 
106.9 
106.8 
90.8 
110.1 
111.2 
68.4 
Sfl.O 
39.4 
.    46.6 
67.7 
78.2 

58 

1921 

41 

1922 

1923 

1924 

1925 -.- 

66 
102 

91 
107 

1926 

108 

1927 

86 

1928 

110 

1929          

135 

1930 

85 

1931 

60 

1932 

35 

1933 

48 

1934                                                       

69 

1935 

99 

'  Wage  earners  are  based  on  Census  of yfanufactures  data  (or  the  census  ,\  ears  and  for 
the  noncensus  years  the  Bureau  of  Labor  Statistics  emplnyment  indexes  were  used  for 
interpolation.  Average  hours  per  week  are  from  the  National  Industrial  Conference 
Board,  Hours  and  Wajei  in  the  United  Stater,  lOli-.IS.  Man-bours  are  the  product  of 
employment  by  average  hours  per  week  put  on  1923-25  base. 

*  Federal  Reserve  Board  index  of  automobile  production. 

The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  years  of  the  period  1920-32: 

Calculated  man-hours  per  week  = 

(1923-25  =  100) 


2.765  (0.9743)>"» 


-i«2«  (automobile  production)""'™ 

(1923-25=100) 


The  average  residual  for  the  years  of  the  period  1920-32  is  6.6 
percent;  the  maximum  of  16.0  percent  occurring  in  1920.  The 
average  residual  for  the  extrapolated  years,  1933-35,  is  5.8  per- 
cent, with  the  maximum  of  14.0  percent  occurring  in  1934. 

The  percent  of  variation  explained  is  94  percent. 

Summary  No.  141b 

Retail  Sales  of  Passenger  Cars 

Method  used. — The  factors  which  were  related  to  retail  sales  of 
passenger  cars  are  (1)  consumer  income,  divided  into  two  parts — 
consumer  income  of  wage  earners  and  all  other  consumer  income; 
(2)  the  number  of  cars  7  years  old  or  more  in  use  at  the  beginning 
of  the  s'ear;  and  (3)  a  time  trend.  The  consumer  income  was 
divided  into  two  parts  because  the  two  groups  of  income  recip- 
ients react  differently  in  their  demand  for  cars  with  a  change  in 
income.  An  estimate  of  the  number  of  cars  which  were  at  least 
7  years  of  age  at  the  beginning  of  the  year  was  obtained  by 
applying  a  constant  7-year  life  table  to  the  annual  sales  of  cars. 
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An  improvement  on  this  can  be  made  by  assuming  a  changing 
life  of  car  through  time,  but  no  readily  available  measure  of  this 
factor  was  obtainable. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis.  These  data  are  fairly  reliable  except  as  noted  above 
regarding  the  improvement  which  can  be  made  in  the  series  of 
number  of  cars  which  were  at  least  7  years  of  age. 

Retail  sales  of  passenger  cars  and  related  factors 


Year 

Consumer 

income  of 

wage  eiirner.": ' 

(billions  of 

1930  doUiirs) 

Consumer 
income  of 
other  than 
wage  ciirners  * 
(billions  of 
1936  dollars) 

Cars  at  least 

7  years  of  age  > 

(thousands) 

Retail  sales 

of  pa.'ssenger 

cars* 

(thousands) 

1919 - 

11.9 
13.0 
9.8 
10.9 
13.6 
12.7 
12.7 
13.3 
13.0 
13.2 
13.9 
11.7 
9.4 
G.9 
7.5 
9.2 
10.0 
U.4 

34.7 
34.1 
32.4 
37.9 
41.2 
42.7 
44.3 
45.0 
45.8 
49.0 
51.4 
48.7 
45.3 
39.8 
40.7 
44.8 
46.9 
62.5 

280 
480 
950 
1,350 
1,930 
2,310 
3,040 
2,800 
3,020 
3,070 
3,130 
3,080 
3,830 
4,460 
5,790 
7,820 
8,820 
9,800 

1,540 

1920  . — 

1,640 

1921 

1,460 

1922 

2,080 

1923 

3,250 

1924 

3,120 

1926 

3,220 

1926 

3,330 

1927  .              .  . 

2,760 

1928.- 

3.250 

1929 

3.8.60 

1930 

2,600 

1931 

1,850 

1932 

1,070 

1933 

1,600 

1934 

1,910 

1935 

2,850 

1936 

3,480 

1  Wages  in  mining,  manufacturing,  transportation,  and  construction.  From  1929- 
36  estimates  by  the  Department  of  Commerce,  National  Income  in  1936,  Survey  of  Cur- 
rent Business,  June  1936;  from  HtlO-J'J  bused  on  the  National  liureau  of  Economic 
Research  recent  revision  of  their  income  series.  This  was  spliced  to  the  1929  figure  of 
the  Department  of  Commerce.  The  value  data  were  deflated  by  the  Bureau  of  Labor 
Statistics  cost  of  living  index  1936  =  100. 

'  Total  consumer  income  less  consumer  income  of  wage  earners. 

'  Computed  by  subtracting  the  number  of  cars  6  years  of  age  and  under  from  the 
total  cars  in  use  at  the  beginning  of  the  year.  The  total  cars  in  use  are  calculated  by 
subtracting  the  new  car  registrations  during  any  year  from  the  registrations  at  end  of 
that  year.  Number  of  cars  6  years  of  age  and  under  are  computed  by  applying  a 
7-year  survival  table  (0  year  0.98,  1  year  0.94,  2  years  0.88,  3  years  0.80,  4  years  0.69, 
5  years  0.66.  6  years  0.42)  to  retail  sales. 

*  From  1929-36  given  by  the  Automobile  Manufacturers  Association;  from  1919-29 
computed  from  factory  sales  adjusted  by  exports  and  imports,  given  in  Automobile 
Facts  and  Figures.  Automobile  Manufacturers  Association,  1936  and  previous  years; 
for  these  years  sales  to  Government  were  excluded  and  a  correction  for  an  estimate 
in  changes  in  dealers'  stocks  was  also  made. 

The  formula  representing  the  relationship. — In  the  preliminary 
graphical  analysis  it  was  observed  that  the  data  for  the  years 
1919,  1920,  and  1927  deviated  considerably  from  the  curves  of 
relationships.  The  income- data  for  the  post-war  years  1919-20 
are  not  very  reliable.  Furthermore,  these  2  years  are  abnormal 
in  many  respects.  Ford  shut  down  his  plant  in  1927  and  the 
introduction  of  several  new  1928  cars  was  announced  in  1927. 
For  these  reasons  the  data  for  these  3  years  were  omitted  in  the 
numerical  analysis.  The  formula  which  was  obtained  to  calcu- 
late car  sales  is  as  follows: 

Passenger  car  sales  =  0.4123  (0.9561)>'<'"-'«"X 

(thousands) 

other  consumer\'-25" 

income        / 

(Billionsofl936dollars) 


[l9+1.006(™ 


1 94-1  QQg/consumer  income  Y"""!""'*''"/ 


age  earners  / 
I  Billions  of  1936  dollars) 


[0.91444-0.0001184  (number  of  cars  at  least  7  years  of  age)] 

(thousands) 

This  formula  was  derived  from  the  data  for  the  years  of  the 
period  1921-32  (omitting  1927).  Although  it  appears  that  there 
are  nine  constants  in  this  equation,  actually  only  four  were 
determined  by  the  least  squares  method.  The  expressions  in 
the  brackets  were  approximations  determined  by  the  graphical 
analysis. 


The  average  percent  deviation  of  the  calculated  car  sales  from 
the  actual  car  sales  for  the  period  1921-32  is  1.5  percent,  the 
maximum  percent  deviation  being  —4.5  percent  in  1928.  The 
average  percent  deviation  of  the  extrapolated  car  sales  from  the 
actual  car  sales  for  the  4  years  1933-36  is  7.4  percent.  The 
maximum  deviation  14.0  percent  occurs  in  1935. 

Summary  No.  143a 

Transportation  Equipment  Other  Than 

Automobiles — Manpower 

Method  used. — Man-hours  was  related  directly  to  the  consumer 
income  and  a  time  trend.  An  exponential  relationship  was 
fitted  to  the  data  for  the  years  of  the  period  1924-32,  omitting 
1928,  since  the  data  for  this  year  appears  to  deviate  tremendously 
from  the  time  relationship. 

The' data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours ' 

(millions  per 

week) 

Consumer  in- 
come' (billions 
of  1936  dollars) 

1924                                                                  

6.75 
6.25 
6.37 
5.86 
4.99 
6.33 
5.64 
3.56 
2.45 
2.12 
2.98 
3.21 
4.21 

55.4 

1925 

57.0 

1926  .                                                                  

58. 3 

1927 

58.9 

1928  ..                                                                  

62.2 

1929 

65.3 

1930                                                              

00.4 

1931... 

64.6 

1932  .                                             

46.7 

1933 

48.2 

19.34                                           

64.0 

1935 

66.9 

1936     ..                                    

63.9 

'  Man-hours:  Wage  earners  for  the  entire  transportation  section  was  obtained 
from  the  (jensus  for  odd  years,  the  even  years  being  interpolated  by  the  Bureau  of 
Labor  Statistics  employment  inde.t.  Automobile  wage  earners  were  deducted  to 
obtain  the  wage  earners  in  this  segment.  .Average  hours  per  week  for  1932-36  was 
obtained  from  the  Bureau  of  Labor  Statistics;  for  1919,  1921,  1923,  and  1929,  census 
prevailing  hours  less  5  percent  was  used;  other  years  were  interpolated  using  the 
average  hours  in  25  manufacturing  industries  as  reported  by  the  National  Industrial 
Conference  Board.  Man-hours  is  the  product  of  the  average  hours  so  obtained  and 
the  number  of  wage  earners. 

>  See  table  I  of  this  Appendi.x. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1924-32,  excluding  1928. 

Calculated  man-hours  per  week  = 

(Millions) 


0.09838  (0.9281)» 


-•"29  (consumer  income)--^'" 
(Ten  billion  1936  dollars) 


The  average  residual  for  the  years  covered  by  the  analysis, 
1924-27  and  1929-32,  is  3.4  percent,  with  a  maximum  of  9.3 
percent  occurring  in  1930. 

The  average  residual  for  the  extrapolated  years,  1933-3C,  is 
8.4  percent,  with  a  maximum  of  13.8  percent  occurring  in  1930. 

The  amount  of  variation  explained  is  97  percent. 

Summary  No.  144a 

Electrical  Machinery — Manpower 

Method  used. — A  man-hour  series  was  related  directly  to  con- 
sumer income  and  a  time  trend.  An  exponential  form  of  rela- 
tionship was  used  in  which  the  time  factor  was  modified  into 
the  form  of  an  exponential  with  an  additive  constant. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Manpower  and  related  factors 


Year 

Man-hours  per 
week  1  (millions) 

Consumer  in- 
comee '  (billions 
or  1936  dollars) 

1920 

8.28 
6.96 
9.32 
10.95 
9.93 
10.25 
11.06 
0.54 
10.  .39 
13.41 
10.19 
6.41 
4.07 
4.33 
5.36 
6.61 
8.11 

47.0 

1921 

1922 

48  8 

1923 

1924. 

55  4 

192S 

57.0 

1928 

1927 

58  9 

1928 

62  2 

1929 

65  3 

1930 

60  4 

1931 

1932 

46  7 

1933 

1934 

54  0 

1935 

56  9 

1936 

63.8 

1  Wace  earners  for  odd  years  based  on  Census  of  Manu/adnns  and  for  tlie  even  years 
Interpolated  by  the  Hnreau  of  Labor  Statistics'  employment  indexe.s.  The  National 
Industrial  Conference  Board's  hours  per  week  were  used  from  1930  to  1931  and  these 
were  siiliced  to  the  liureau  of  Labor  Statistics  average  hours  per  week  obtainable 
from  1932  to  1930.  The  man-hours  per  week  are  obtained  by  the  product  of  wage 
earners  by  average  hours  per  week. 

■  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1920-32: 

Calculated  man-hours  per  week  = 

(Millions) 

0.0003375  [0.4395  +  0.3805  (0.8952) ve«r-i93e]x 

(consumer  incomc)^-"''- 
(Billions  of  1936  dollars) 

The  average  residual  for  the  years  of  the  period  1920-32  is  6.6 
percent,  with  the  maximum  of  14.4  percent  occurring  in  1928. 

The  average  residual  for  the  extrapolated  ycar.s,  1933-36,  is 
4.4  percent,  with  the  maximum  of  —7.3  percent  occurring  in 
1934. 

The  percent  of  variation  explained  is  93  percent. 

Summary  No.  145a 

Machinery  (Excluding  Electrical)^ 

Manpower 

Method  used. — A  man-hours  series  was  related  to  deflated  value 
of  output  and  a  time  trend.  The  time  trend  was  used  in  the  form 
of  an  exponential  with  an  additive  term. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours 
per  week ' 
(millions) 

Deflated  value 
of  output ' 
(millions  of 
1926  dollars) 

1921 

28.18 
26.76 
34.47 
28.68 
31.18 
33.94 
32.63 
37.63 
38.84 
28.33 
17.47 
10.66 
12.61 
17.34 
22.02 

2.090 
2,239 
3,212 
2,978 
3.454 
3.585 
3,998 
4,410 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

2,685 
1,614 
1,787 
2,144 
3  699 

1932        

1933 

1934 

1935 

•  Wage  earners  based  on  Census  values  interpolated  by  Bureau  of  Labor  .Statistics 
employment  series.  .\verai;e  hours  per  week  from  National  Industrial  Conference 
Board,  U'iijm  and  Hours  in  the  Uniled  Stales,  IGli-K,  for  foundric--  and  machine  shops 
1920- :!1  and  spliced  to  the  Bureau  of  Labor  Statistics  average  hours  [lerweek  for  the 
same  industry.    Man-hours  is  employment  multiplied  by  average  hours  per  week. 

'  Value  of  products  is  obtained  from  the  Census  of  .Manufactures  for  the  census  years 
and  interpolated  l>y  a  series  represented  by  the  gross  income  of  corporations  fur  nietal 
products  given  by  the  annual  .■italislies  of  Income  of  the  Bureau  of  Internal  Hcvenue. 
The  value  is  deflated  by  the  Bureau  of  Labor  Statistics  price  Index  of  all  commodities, 
excluding  foods. 


The  formula.- — The  following  formula  was  derived  from  the 
data  for  the  years  1921-32: 

Calculated  man-hours  per  week  = 

(Millions) 

0.008112  [0.464-0.40  (0.9170)>"'"'-'"»]X 

(deflated  value  of  output)  io«»3 
(Millions  of  1926  dollars) 

The  average  residual  for  the  years  1921-32  is  4.9  percent,  with 
the  maximum  of  10.5  percent  occurring  in  1922. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
12.5  percent,  with  the  maximum  of  27.0  percent  occurring  in 
1934.  These  high  percentages  are  due  to  the  low  level  of  man- 
hours  in  this  industry  during  recent  years. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  145b 

Machinery  (Excluding  Electrical) — 

Consumption 

Method  used. — The  consumption  of  machinery  was  expressed 
in  terms  of  deflated  value.  It  was  related  to  consumer  income 
and  a  time  trend  using  a  linear  regression.  The  linear  form  was 
used  since  the  graphical  analysis  indicated  that  a  somewhat 
better  fit  would  have  been  obtained  than  that  given  by  the  multi- 
plicative form. 

The  data. — The  following  data  were  used  in  the  analysis: 

Consumption  and  related  factors 


Year 

Deflated  value 
of  consump- 
tion '  (millions 
of  1926  dollars) 

Consumer  in- 
come >  (billions 
of  1930  dollars) 

1921 

980 
2,080 
3,020 
3,090 
2,850 
3,290 
3.670 
4.020 
4,430 
3,320 
2,430 
1,410 
1,680 
1,980 
3,490 

42  3 

1922 

48.8 

1923 

54.8 

1924 

55.4 

1925 

57  0 

1926 

58.3 

1927 

58  9 

1928 

62.2 

1929 

65.3 

1930 

60.4 

1931 : 

54.6 

1932 

46  7 

1933 

48  2 

1934 

54.0 

1935 

56.9 

1  Value  of  products  from  Census  of  Manufactures  tor  odd  years.  For  noncensas  years 
the  values  arc  obtained  by  using  as  an  interpolating  scries  the  gross  income  of  cor- 
porations of  metal  products  manufacturing  as  given  in  the  Statistics  of  Income.  Bureau 
of  Internal  Uevenue.  The  value  scries  was  tlien  .adjusted  for  the  net  exports  of  ma- 
chinery, by  the  Department  of  Commerce  and  reported  in  the  issues  of  the  .Stnlisticat 
Abstract  of  the  United  States.  The  series  w:is  then  dellated  by  the  Bureau  of  Labor 
Statistics  index  of  all  commodity  prices  except  foods.  No  adjustment  was  made  for 
changes  in  stocks. 

5  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  by  least 
squares  for  the  years  of  the  period  1921-32: 

Calculated  deflated  value  of  output  = 

(Millions  of  1926  dollars) 


-5856.5- 


27.657  (year— 1928)  + 157.305  (consumer  income) 

(Billions  of  1936  dollars) 


The  average  residual  for  the  years  of  the  period,  1921-32,  is  4.4 
percent,  with  the  maximum  of  10.7  percent  occurring  in  1925. 
The  average  residual  for  the  extrapolated  period,  1933-35,  is 
15.3  percent,  with  the  maximum  of  20.3  percent  occurring  in 
1935.  These  residuals  are  large  because  the  level  of  consump- 
tion has  been  very  low  during  recent  years. 

The  amount  of  variation  explained  is  95  percent. 
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Summary  No.  146a 

Miscellaneous  Manufacturing  Industries — 

Manpower 

Method  used. — Man-hours  was  related  to  the  Federal  Reserve 
Board  index  of  industrial  production  and  a  time  trend.  An 
exponential  relationship  was  fitted  to  the  data  for  the  years 
1920-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Manpower  and  related  factors — Continued 


Year 

Man-hours  per 
week '  (mil- 
lions) 

Industrial 
production ' 
(1923-25=100) 

1920           .    

15.71 
11.69 
13.48 
14.91 
14.64 
14.85 
15.39 
15.26 
14.85 
16.65 
12.03 
9.13 
6.54 
7.53 

87 

1921  - 

67 

1922     

85 

1923  

101 

1924 

95 

1925 

104 

1926 : 

108 

1927        ......              

106 

1928  

111 

1929 

119 

1930 

96 

1931 

81 

1932.- 

64 

1933 

76 

Year 

Man-hours  per 
weeli '  (mil- 
lions) 

Industrial 
production ' 
(1923-25=100) 

1934 

8.47 
9.26 

79 

1935 

90 

1  Computed  by  multiplying  employment  by  average  hours  per  weelc.  Employ- 
ment data  obtained  by  subtracting  the  sum  of  all  the  individual  manufacturing  seg- 
ments from  tiie  total  for  all  manufacturing  industries  (all  eniploynient  series  based 
upon  Census  of  Alanujacturcs  data  in  otld  years,  interpolated  by  Bureau  of  Labor 
Statistics  employment  indexes  in  even  years.)  Average  hours  per  week  data  are 
for  25  manufacturing  industries  as  reported  by  National  Industrial  Conference  Board. 

>  See  table  I  of  this  Appendi.x. 

The  formvla. — The  following  fornuila  was  derived  from  tlie 
data  for  the  period  years  of  the  1920-32: 

Calculated  man-hours  per  week  = 

(Millions) 

0.08308  (0.9612)  y=«'-i»2»  (industrial  production)  '""^ 

(1923-25  =  100) 

The  PAcrage  residual  for  the  years  covered  by  tlie  analysis, 
1920-32,  is  2.6  iiercent,  with  a  maximum  of  —7.6  percent  occur- 
ring in  1923. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
a. 5  percent,  with  a  maximum  of  6.7  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  97  percent. 
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Summary  No.  201a 

Crude  Petroleum  and  Natural  Gas — 

Manpower 

Method  used. — Crude  petroleum  and  natural  gas  output  is 
represented  by  the  number  of  oil  and  gas  wells  drilled.  Employ- 
ment was  related  to  the  number  of  wells  drilled  by  a  graphic 
regression  line  for  the  years  1919-32.  The  time  factor  was  not 
important.  The  linear  form  was  used  since  the  graphical 
analysis  indicated  no  significant  curvilinearity  in  the  scatter. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Output  and  related  factors 


Year 


Year 

Wago  earners ' 
(thousands) 

Oil  and  gas 
wells  drilled  ' 
(thousands) 

1919 - - 

123.7 
146.2 
105.6 
128.1 
129.7 
117.1 
131.9 
160.3 
138.7 
108.0 
140.0 
118.6 
87.6 
76.4 
90.3 
112.8 
108.7 
105.8 

29.2 

1920               

33.9 

1921 

21.9 

1922 

24.7 

1923     - 

24.4 

1921 

21.9 

1925 

28.6 

1926           

29.3 

1927 

24.1 

1928           . 

22.3 

1929 

26.4 

1930 - 

21.2 

1931 

12.4 

1932        

15.0 

1933 

12.3 

1934          

18.2 

1935 

21.4 

1936 

25.9 

1  1919-2S,  unpublished  data  of  National  Bureau  of  Economic  Research  adjusted  to 
Department  of  Commerce  data:  1929-38,  data  from  Department  of  Commerce,  Bureau 
of  Foreign  and  Domestic  Commerce. 

'  Source:  .'Unerican  Petroleum  Institute.  Slatitticat  Bullelin,  Mar.  27, 1937. 

The  formula. — The  following  formula  was  obtained  from  the 
data  for  the  period  1919-32: 


Calculated  wage  earners = 
(Thousands) 


13-1-4.7  (number  of  wells  drilled) 
(Thousands) 


The  average  residual  for  the  period  fitted,  1919-32,  is  7.2  per- 
cent, the  maximum  of  — 17.6  percent  occurring  in  1919. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
17.0  percent,  with  the  maximum  of  27.5  percent  occurring  in  1933. 

The  amount  of  variation  explained  is  70  percent. 

Summary  No.  201b 

Crude  Petroleum  and  Natural  Gas — 

Output 

Method  used. — The  number  of  oil  and  gas  wells  drilled  was 
taken  to  roughly  represent  crude  oil  output,  and  was  related  to 
crude  petroleum  prices,  industrial  production,  and  time  by 
an  exponential  formula  using  the  method  of  least  squares  for 
the  period  1919-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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1919. 
1920, 
1921. 
1922. 
1923. 
1924, 
1925. 
1926. 
1927. 
1928. 
1929. 
1930. 
1931. 
1932. 
1933. 
1934. 
1935. 
1936. 


Oil  and  gas 

Price  of  crude 

Industrial 

wells  drilled! 

petroleum  ' 

production ' 

(thousands) 

(1926=100) 

(1923-25=100) 

29.2 

121.0 

83 

33.9 

180.7 

87 

21.9 

91.9 

67 

24.7 

95.3 

85 

24.4 

76.3 

101 

21.9 

77.0 

95 

25.6 

88.6 

104 

29.3 

100.0 

108 

24.1 

68,2 

106 

22.3 

63.9 

111 

26.4 

65.4 

119 

21.2 

59.0 

96 

12.4 

30.4 

81 

15.0 

43.0 

64 

12  3 

30.1 

76 

18.2 

49.9 

79 

21.4 

49.9 

90 

25.9 

65.5 

105 

1  statistical  BwlUtin,  .\raeric3n  Petroleum  Institute,  Mar.  27. 1937. 
'  Bureau  of  Labor  Statistics;  Kansas,  Oklahoma:  price  at  well. 
>  See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  period  191 9-32: 

Calculated  oil  and  gas  wells  drilled  = 
(Thousands) 

0.2075  (price  of  crude  petroleum) '"'X 

(1926=100) 

(industrial  production)  -""X  (1.008)"*'-"2« 

(1923-25=100) 

The  average  residual  for  the  period  1919-32  is  3.7  percent, 
with  the  maximum  of  7.8  percent  occurring  in  1929. 

The  average  residual  for  the  extrapolated  period  1933-36,  is 
8.9  percent,  with  the  maximum  of  17.2  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  202a 
Underground  Man-Days  in 
Bituminous  Coal  Mining 

Method  used. — Various  combinations  of  factors  were  tried. 
Man-daj's  per  ton  was  expressed  as  a  linear  equation  in  terms 
of  a  time  trend,  average  days  worked,  and  tons  per  mine  per 
year,  but  the  results  were  unsatisfactory.  The  most  satis- 
factory results  were  obtained  by  expressing  man-days  per  tou 
as  a  linear  function  of  a  time  trend  and  tons  per  mine  per  day 
(which  reflects  crudely  the  size  of  mine).  The  coefficients  were 
determined  from  the  data  for  the  years  of  the  period  1918-32. 
The  amount  of  variation  explained  was  92  percent.  However, 
the  influence  attributable  to  the  size  of  mine  factor  was  reflected 
mostly  in  the  time  trend  factor  since  over  this  period  these  two 
factors  are  highly  intercorrelated.  In  1933  and  1934  a  sig- 
nificant shift  in  size  of  mine  and  man-days  per  ton  occurred  and 
when  the  correlation  was  carried  out  for  the  years  of  the  period 
1918-34  the  influence  of  size  of  mine  was  more  definitely  sepa- 
rated from  that  of  time  trend.  Since  over  this  period  the  vari- 
ance explained  was  also  92  percent  it  is  evident  that  only  a  shift 
in  the  slopes  of  size  of  mine  and  time  trend  took  place.  The 
results  of  the  second  analysis  were  therefore  used. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Underground  man-days  and  related  factors 


Year 

Actual  under- 
ground 
man-days  i 
(millions) 

Undercround 

production  ' 

(millions  net 

tons) 

Size  of  mine' 

(tons  per  day 

per  mine) 

1918    .           

123.6 
99.2 

116.6 
84.5 
82.7 

107.4 
91.0 
98.8 

109.8 
97.8 
91.6 
95.0 
79.8 
62.0 
60.5 
58.9 
62.1 
61.  1 

670 
459 
5.55 
411 
408 
551 
470 
503 
556 
499 
481 
516 
448 
303 
290 
315 
339 
349 

279 

1919 

265 

1920 

287 

1921 

347 

1922 

317 

1923                   

347 

1924 

374 

1925    

373 

1926 

373 

1927     .. 

387 

1928 

382 

1929 

401 

1930 

422 

1931 

420 

1932 

384 

1933 

349 

1934 

322 

1935 

328 

'  Bureau  of  Mines,  Minerals  Yearbook  and  Mineral)  Resources  of  the  United  Stales 
for  the  various  years. 
'  Ibid.:  Total  production  per  day  divided  by  numlicr  of  mines  of  commercial  size. 

The  formula.- — The  final  formula  which  was  obtained  using  the 
data  for  the  years  1918-34  is  as  follows: 

Calculated  man-days  = 

(Millions) 

(production)  [0.2349-0.00172C  (year- 1926) 

(Millions  of  net  tons) 

—  0.0001152  (tons  per  mine  per  day)] 

The  average  residual  for  the  years  of  the  period  covered, 
1918-34,  is  1.6  percent  with  a  maximum  of  —4.0  percent  in  1931. 
The  residual  for  the  extrapolated  year,  1935,  is  —3.3  percent. 
The  amount  of  variation  explained  is  92  percent. 

Summary  No.  202b 
Bituminous  Coal — Consumption 

Method  used. — The  factors  which  were  related  to  consumption 
of  bituminous  coal  are  (1)  industrial  production,  (2)  consumer 
income,  (3)  an  index  of  the  ratio  of  coal  prices  to  fuel  oil  prices, 
(4)  an  index  representing  efficiency  in  the  use  of  fuel,  and  (5)  a 
time  factor.  The  analysis  was  first  worked  out  without  intro- 
ducing the  index  of  efficiency  in  the  relationship.  However,  it 
was  desirable  to  cut  down  the  effect  of  the  time  factor  and  in 
part  to  explain  this  effect  by  introducing  the  index  of  efficiency 
in  the  use  of  fuel  as  a  separate  factor.  The  equation  was  worked 
using  the  data  from  1919  through  1932  and  the  constants  were 
determined  from  an  exponential  form  . 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Industrial 

production' 

(1923-25  = 

100) 

Consumer 
income ' 
(billions 
of  1930 
dollars) 

Ratio  of  coal 

prices  to 

fuel  oil 

prices  3 

(1920=100) 

Index  of 
efficiency  * 
(1920=100) 

Consump- 
tion of 
bituminous 
coal ' 
(million 
net  tons) 

1919     

83 
87 
67 
85 
101 
96 
104 
108 
106 
HI 
119 
96 
81 
64 
76 
79 
90 
105 

46.6 
47,0 
42.3 
48.8 
54.8 
55.4 
57.0 
58.3 
58.9 
62  2 
65.3 
60.4 
64,6 
40.7 
48.2 
54.0 
66.9 
63.9 

139.7 
89.9 
264.2 
199.7 
181.  3 
143.9 
116.7 
100.0 
127.9 
161.0 
153.2 
150.8 
236  0 
193.3 
180.1 
149.6 
149.4 
E  145.3 

100.7 
100.0 
92.7 
89.9 
89.3 
83.7 
79.7 
76.6 
74.3 
72  2 
70.3 
68.7 
67.0 
67.1 
66.3 
66  5 
65.8 
E  65.  2 

482 

1920 

609 

1921 

392 

1922._. - 

427 

1923 

519 

1924 

484 

1925 

499 

1926 - 

633 

1927 

600 

192S 

499 

1929 

520 

19.%          -.  . 

465 

1931 

372 

1932  . 

307 

1933 - 

322 

1934 

347 

1935 

360 

1936 

417 

The  formula. — The  formula  obtained  using  the  data  for  the 
years  of  the  period  1919  through  1932  is: 

Calculated  consumption  = 
(.Millions  of  net  tons) 

9.076  (0.9745)'"'"""'"  (1.00094)  e"ioi»»«y  i°J«»  (1920-100  >< 
(industrial  production)""" x 

(1923-25=100) 

(consumer  income)"-""'  (price  ratio)"*"'" 
(Billions  1936  dollars)  (1926=  100) 

The  average  residual  for  the  period  1919-32  is  1.8  percent, 
with  the  maximum  of  —5.1  percent  occurring  in  1922. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  1.3  percent,  the  maximum  of  —2.2  percent  occurring 
in  1935. 

The  amount  of  variation  explained  is  98  percent. 

Summary  No.  203a 
Anthracite  Coal — Manpower 

Method  used. — Total  man-daj's  in  anthracite  mining  was 
related  to  the  production  of  anthracite  and  a  time  trend.  A 
major  general  strike  occurred  in  the  industry  in  1922.  In  order 
that  the  analysis  would  not  be  dominated  by  the  strike  year  it 
was  decided  to  use  the  period  beginning  with  1924. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-days  1 
(millions) 

Production  ' 

(millions  gross 

tons) 

1924                  --                            

43.8 
29.2 
40.4 
37.2 
34.9 
34.1 
31.4 
25.2 
19.6 
19.0 
22.6 
19.5 
!19,2 

78  5 

1925 

66.2 

1926 

76  4 

1927 

71.5 

1928 

67  3 

1929 

66.9 

1931) 

62  0 

1931 

53.3 

1932 

44.5 

1933        

44.2 

1934 

51.0 

1935    

46.5 

1936 

!48,4 

1  Burc-iu  of  Mines,  Minerals  Yearbooks  and  Mineral  Resources  of  the  United  States, 
for  the  respective  years. 

2  Data  not  available  at  Bureau  of  Mines.  Figure  shown  was  obtained  from  the 
Pennsylvania  Department  of  Mines  at  Harri.sburg,  Pennsylvania— excludes  dredge 
operations  but  it  is  probably  equal  to  the  total  within  1/371  percent. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1924-32: 

Calculated  man-days  = 

[238,900-3,971  (year  -  1926)]  (production)'-'"' 

(Million  gross  tons) 

The  average  residual  for  the  period  1924r-32  is  1.5  percent, 
with  the  maximum  of  3.0  percent  occurring  in  1930. 

The  man-days  for  the  4  years  1933-36  were  extrapolated 
from  the  formula.  The  average  residual  for  these  4  years  is  2.0 
percent,  with  the  maximum  of  —5.0  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  99  percent. 

I  Federal  Reserve  Board.    See  table  I  of  this  Appendix, 
i  See  table  I  of  this  Appendix. 

3  Ratio  of  average  value,  all  bituminous  coal  f.  o.  b.  mines  (Minerals  Yearbooks, 
Bureau  of  Mines)  to  Oklahoma  prices  at  refineries  of  fuel  oil  {Surpey  of  Current  Busi- 
ness, 1930  supplement  and  monthly  issues). 

'  Based  on  a  weighted  average  of  3  series:  (1)  Poundsof  coal  per  kilowatt-hour  used 
for  industrial  purposes — as  given  in  the  Statistical  Abstract  of  the  United  States,  1935, 
p.  339;  (2)  coal  eriuivalent  per  ton  of  pig  iron  used  in  metallurgical  industries — as 
given  in  the  Minerals  y^earbook.  Bureau  of  Mines,  1936;  (3)  unit  consumption  of 
bituminous  coal  used  in  transportation  based  on  Statistics  of  Railways  of  the  United 
States,  U.  S.  Interstate  Commerce  Commission,  derived  from  an  index  of  pounds  of 
coal  per  thousand  gross  ton-miles  in  freight  service  and  pounds  of  coal  per  passenger- 
train  car -mile  used  in  passenger  service  (weights  are  based  on  the  average  tons  con- 
sumed in  the  respective  services).  The  weights  used  in  these  3  major  groups  of  indus- 
tries are  ^,  18,  and  26,  respectively.  These  weights  are  in  proportion  to  the  coal  con- 
sumed by  these  various  classes  of  consumers  as  given  by  the  Bureau  of  Mines  for  1929, 

3  Calculated  by  Bureau  of  Mines  and  represents  production  plus  imports  minus 
exports  plus  or  minus  changes  in  consumer's  stocks, 

£.  Estimated. 
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Summary  No.  203b 
Anthracite  Coal — Consumption 

Method  used. — The  consumption  of  anthracite  coal  was  re- 
lated to  the  consumer  income,  the  ratio  of  the  retail  price  of 
anthracite  coal  to  a  wciglited  average  of  the  prices  of  domestic 
byproduct  coke  and  of  fuel  oil,  and  a  time  trend.  The  Federal 
Reserve  Board  index  of  industrial  production  was  also  tried  in 
conjunction  with  these  factors.  The  coefficient  so  obtained 
turned  out  to  be  negative,  a  patent  absurdity  probably  ac- 
counted for  by  the  high  intercorrelation  with  consumer  income, 
and  this  factor  was  therefore  omitted.  A  weighted  average 
temperature  was  likewise  tried,  but  no  significant  relationship 
was  found.  In  1922  and  1925  major  strikes  occurred  in  the 
industry,  and  for  tliis  reason  data  for  these  2  years  were 
omitted  in  deriving  the  relationship.  An  exponential  formula 
was  fitted  to  the  data  for  the  years  of  the  period  1919-32,  ex- 
cluding the  2  strike  years. 

TAe  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Manpower  and  related  factors 


Year 

Consumption  ' 

(millions  net 

tons) 

Consumer  in- 
come ^  (billions 
1936  dollars) 

Price  ratio  ' 
(1926=100) 

1919.. 

81.5 
85.8 
82.0 

46.6 
47.0 
42.3 

104.fi 

1920        - 

77.2 

1921.. 

93.4 

1922           

1923.. 

86.9 
80.7 

54.8 
55.4 

84.9 

1924        ..      

106.2 

1925                                  ..  

1928          - 

76.7 
74.7 
73.7 
71.6 
67.6 
58.4 
50.5 
49.6 
55.5 
50.0 

58.3 
58.9 
62.2 
65.3 
60.4 
54.6 
46.7 
48.2 
54.0 
56.9 

100.0 

1927.. 

106.4 

1928 

118.8 

1929.. 

117.1 

1930 

122.0 

1931... 

130.7 

1932  . 

133.7 

1933.. 

127.5 

1934            

109.5 

1935.. 

105.2 

I  Calculated  by  Bureau  o(  Mines.  Mintrals  Yiarbooks,  for  respective  years. 

'  See  table  I  of  tbis  .\ppendix. 

'  Based  on  ratio  of  retail  price  of  anthracite  coal  to  a  weighted  average  of  the  prices 
of  domwitic  byproduct  coke  and  fuel  oil.  Price  of  domestic  byproduct  coke  is  average 
realization  per  ton  as  given  by  Bureau  of  Mines.  Fuel  oil  prices  repre.5ent  price,"!  at 
Oklahoma  refinerie.';  a."!  given  in  Surrey  of  Current  Business.  1936  supplement,  p.  105. 
Weights  used  are:  pric(>s  of  domestic  byproduct  coke,  2;  prices  of  fuel  oils.  1. 

The  formula. — The  following  formula  was  obtained  using  the 
data  for  the  years  1919-32  (omitting  1922  and  1925): 

Calculated  consumption  = 
(Millions  of  net  tons) 

22.33  (0.9675)>'"'-"=«  (consumer  income)»«<»"  (price  ratio) -»■'««"' 
(Billions  1936  dollars)  (1926=100) 

The  average  residual  for  the  years  1919-32,  omitting  the 
years  1922  and  1925,  is  2.2  percent,  with  the  maximum  of 
6.6  percent  occurring  in  1921. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
1.3  percent,  with  the  maximum  of  —3.7  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  96  percent. 

Summary  No.  204a 

Other  Nonmetallic  Mining — 

Manpower 

^[ethod  used. — The  segment  includes  nonmetallic  mining  other 
than  coal  and  petroleum  and  natural  gas. 

An  index  of  man-hours  was  related  to  an  index  of  production 
(based  on  value)  for  the  years  1919-32  by  an  exponential 
formula. 

The  data. — The  following  table  gives  the  data  used  in  the 
analvsis: 


Year 

Man.hours  i 
(1929=100) 

Production  > 
(1929=100) 

1919 

104.6 
128.6 
87.4 
98.6 
108.2 
105.1 
119.0 
120.0 
112.4 
106.5 
100.0 
87.7 
62.1 
41.0 
48.9 
62.6 
56.0 

56.0 

1920 

65.3 

1921                                

58.0 

1922 

70.2 

1923 

80.2 

1924 

73.2 

1925 

82.5 

1926      . 

89.2 

1927 

91.4 

1928 

92.6 

1929 

100.0 

1930 ..' 

91.8 

1931 

75.3 

1932 

49.3 

1933  ..                     .      .              

63.3 

1934 

67.4 

1935 

77.4 

1  Bureau  of  Mines,  Atetat  Mine  Accidents  in  the  United  States,  for  the  various  years 
gives  man-hours  for  23  nonmetallic  minerals  for  recent  years  and  man-days  for  the 
entire  period.  .Man-days  were  converted  to  man-hours  on  the  basis  of  an  estimated 
number  of  hours  ikt  day  based  on  trends  observed  in  metal  mining  underground 
operations. 

'  An  index  was  compiled  from  output  data  for  14  minerals  as  given  in  the  Minerals 
Yearbook  and  Mineral  Resources  of  the  United  States  for  the  various  years  published  by 
the  Bureau  of  Mines.  The  several  series  were  weighted  according  to  the  value  of  the 
output  in  1929. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  period  1919-32: 

Calculated  man-hours = 

(1929=100) 

0.7127  (production) '•'""  (0.9391)>'"'-'«« 

(1929=100) 

The  average  residual  for  the  years  1919-32  is  6.3  percent,  with 
the  maximum  of  —11.7  percent  occurring  in  1922. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
3.6  percent,  with  the  maximum  of  6.9  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  93  percent. 

Summary  No.  204b 

Other  Nonmetallic  Mining — 

Consumption 

Method  used. — This  segment  includes  the  mining  of  all  non- 
metallic  minerals  except  coal,  crude  petroleum,  and  natural  gas. 

Consumption  of  other  nonmetallic  minerals  was  related  to  the 
Federal  Reserve  Board  index  of  manufacturing  production  and  an 
index  of  construction  activity  for  the  period  1919-32  by  an 
exponential  formula.  The  points  about  the  time  trend  partial 
regression  indicated  that  a  better  fit  would  result  if  a  straight  line 
was  used  instead  of  an  exponential,  and  this  modification  was 
therefore  made. 

The  data. — The  data  used  in  the  analysis  are  shown  in  the 
following  table: 

Consumption  and  related  factors 


Y'ear 

Consumption 

of  nonmetallic 

minerals  ' 

(1929=100) 

Index  of  man- 
ufacturing 
production  > 

(1923-25=100) 

Construction 

deflated  value  • 

(billions  of 

1929  dollars) 

1919 

51.1 
67.6 
46.1 
65.0 
76.7 
78.1 
87.3 
93.0 

loao 

86.8 
66.7 
49.1 
60.7 
63.8 
74.5 

84 
87 
67 
88 
101 
94 
105 
108 
106 
112 
119 
95 
80 
83 
75 
78 
90 

3.06 

1920 

2.55 

1921                              

2.89 

1922 

4.55 

1923 

4.33 

1924 .- 

4.94 

J925       J... 

6.65 

1928 

7.06 

1927 — 

6.93 

1928                  -     — 

7.61 

1929 

8.44 

1930     

6.26 

1931                                  

3.86 

1932 

1.85 

1933 

1.76 

1934 

2.  OS 

1935 

2.42 

'  Bureau  of  Mines,  Minerals  Yearbook  and  Mineral  Resources  of  the  United  Stales: 
includes  quantity  of  15  nonmetallic  minerals  weighted  by  1929  values. 
'  Federal  Reserve  Board  index  of  manufactures. 
•  See  summary  No.  500a,  Construction— Manpower. 


Patterns  oj  Resource  Use 


139 


The  formula. — The  following  formula  was  obtained  using  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  consumption  = 

(1929=100) 

0.3943  (index  of  manufacturing  production) '"""X 

(1923-25=100) 

(construction  deflated  value)''"5*885  [1.000+.01137  (year- 1925] 

(Billions  1929  dollars) 

This  formula  gave  excellent  results.  The  average  residual  for 
the  period  1919-32  is  2.8  percent,  with  the  maximum  of  7.3 
percent  occurring  in  1920. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
1.6  percent  with  the  maximum  of  —3.1  percent  occurring  in  1935. 

The  amount  of  variation  explained  is  96.5  percent. 

Summary  No.  205a 
Iron  Ore  Mining — 
Manpower 

Method  used. — Manpower,  measured  in  terms  of  man-hours, 
was  related  to  output  of  merchantable  ore  in  millions  of  tons  for 
the  period  1919-32  by  an  exponential  formula. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Man-hours ' 
(millious) 

Production  of 

merctiantable 

ore  2  (millions 

of  tons) 

1919 

125.1 
126.0 
59.4 
77.2 
107.6 
91.3 
86.3 
84.2 
82.0 
71.4 
77.1 
71.6 
40.9 
16.4 
17.9 
25.5 
26.3 

61.0 

1920       

67.6 

1921 - 

29.5 

1922    

47.1 

1923 --. 

69.4 

1924         

64.3 

1925  

61.9 

1928               

67.6 

1927 

61.7 

1928                                             -                   .  . 

62.2 

1929 

73.0 

1930 

.  58.4 

1931 

31.1 

1932 

9.8 

1933  

17.6 

1934 - - 

24.6 

1935              .                             

30.5 

-1026  (production)O'"" 
(Millions  of  tons) 


I  Afinerfitft  YearbookK  and  Mineral  Re^mirccs  of  the  United  States  (Bureau  of  Mines) 
for  tile  re.spective  years.  Data  for  nil9-22  estimated  from  a  series  of  man-iiours  from 
Metai  Mine  Accidents  in  ttic  United  States  (Bureau  of  Mines). 

'  Minerals  Yearbool!S  and  Mineral  Resources  o/(A«  United  States  (Bureau  of  Mines) 
for  the  respective  years. 

The  formula. — The  following  formula  was  obtained  using  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  man-hours=4.149  (0.9515)>'«" 

(Millions  per  year) 

The  average  residual  for  the  years  1919-32  is  5.0  percent,  with 
the  maximum  of  8.6  percent  occurring  in  1930. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-35,  is  18.1  percent,  with  the  maximum  of  24.8  percent 
occurring  in  1933. 

The  amount  of  variation  explained  is  98  percent. 

Summary  No.  205b 
Iron  Ore — Consumption 

Method  used. — The  output  of  merchantable  iron  ore  was  re- 
lated to  the  consumption  of  iron  and  steel  for  the  period  1919-32 
by  an  exponential  formula.  In  a  different  analysis  (see  sum- 
mary No.  137b)   iron  and  steel  consumption  was  related  to  in- 


dustrial production,  making  a  link  between  output  of  iron  ore 
and  the  level  of  industrial  production. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Consumption  and  related  factors 


Year 

Merchantable 

iron  ore  mined  » 

(millions  of 

gross  tons) 

Iron  and  steel 
available  for 
domestic  con- 
sumption 3 
(millions  of 
gro.ss  tons) 

1919 ._ _. 

61.0 
67.6 
29.5 
47.1 
69.4 
54.3 
61.9 
67.6 
fil.7 
62.2 
73.0 
58.4 
31.1 
9.8 
17,6 
24,6 
30,5 

29.3 

1920 

36  0 

1921 

16.7 

1922 

32  1 

1923 

41.5 

1924 

35  1 

192.'; 

42.4 

1926  - 

45  1 

1927.-- : 

41.2 

1928     .                                                         .  . 

47  0 

1029 

SI.  3 

1930 - - - 

37.3 

1931 

24.1 

1932 - -- 

12.6 

W.'iS  ..                  .                      

21  4 

1934.-- 

23,7 

1935    . 

31  7 

'  ^[inernls  Yearbooks  and  Mineral  Resources  of  the  United  States  (Bureau  of  Mines) 
for  the  respective  years, 

2  Derived  by  National  Resources  Committee  from  data  published  by  the  Federal 
Reserve  Board  and  the  .American  Iron  and  Steel  Institute.  See  footnote  1  of  summary 
No.  137b  for  iron  and  steel  consumption. 

The  formula. — The  formula  obtained  by  using  the  data  for  the 
years  of  the  period  1919-32  is  as  follows: 

Calculated  output  of  iron  ore  =  0.7137X 

(Millions  of  gross  tons) 

(iron  and  steel  available  for  domestic  consumption) '-^'''X 
(Millions  of  gross  tons) 

(0.9601)  ysiT-wss 

The  average  percent  residual  for  the  years  1919-32  is  8.9  per. 
cent,  with  the  maximum  of  23.7  percent  occurring  in  1930.  Thiq 
discrepancy  is  unusually  large,  the  second  largest  being  only 
16.9  percent  in  1932. 

The  average  percent  residual  for  the  extrapolated  years  is  9.1 
percent,  with  the  maximum  of  — 17.8  percent  occurring  in  1933. 
However,  iron  ore  production  and  most  raw  materials  subject  to 
the  principle  of  "derived  demand"  move  violently  so  both  the 
actual  and  the  calculated  values  for  1932  and  1933  are  very  small. 
When  the  deviation  is  expressed  as  a  percent  of  the  average  of 
the  calculated  figures  for  the  entire  period  1919-32,  the  largest 
residual  is  only  7.1  percent  (in  1933  as  before)  and  the  average 
for  tlie  extrapolated  period  (193.3-35)  is  only  3.9  percent  of  the 
average  of  all  calculated  values. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  206a 

All  Nonferrous  Metallic  Mining — 

Manpower 

Method  used. — Man-hours  in  the  mining  of  all  nonferrous 
metals  was  related  to  the  production  of  nonferrous  metallic  ores 
by  a  linear  formula  derived  from  graphically  fitted  regression 
lines  for  the  period  1921-32.  The  graphical  analysis  indicated 
that  a  slightly  better  fit  would  result  from  the  linear  form  than 
by  the  use  of  the  usual  exponential  type  of  formula. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 


73674—39- 


-10 


140 


National  Resources  Committee 


Manpower  and  related  factors 


Year 

Man-bours  in 
nonferrous 

metal  mining  > 
(millions) 

Production  of 

all  nonferrous 

ores  I  (millions 

of  dollars) 

1921 

lOJ.O 

140.7 

169.7 

175.9 

188.1 

187.6 

166.9 

166.7 

179.2 

134.7 

97.4 

M.O 

63.3 

76.8 

264 

1922 — 

393 

1923 

519 

1924 

507 

1928 

537 

1926 

540 

1927 

526 

1928 

544 

1929 

587 

1930 

432 

1931 

299 

1932 

158 

1933 

142 

1934 

199 

'  U.  S.  Bureau  of  Mines.  Lead,  zinc,  silver,  and  gold  from  Minerals  Yearbooks  and 
Mineral  Resources  of  the  United  States.  Copper  derived  from  data  in  Metal  Mine  Acci- 
dents in  the  United  States  and  above  references.  Man-hours  in  bauxite  mine  found  to 
be  insipniflcant. 

'  U.  S.  Bureau  of  Mines,  Minerals  Yearbooks  and  Mineral  Resources  of  the  United 
States.  Value  in  current  dollars.  Includes  lead,  zinc,  gold,  silver,  copper,  and 
aluminum;  see  summary  no.  206b. 

The  formula. — The  following  formula  was  obtained  from  the 
date  for  the  years  of  the  period  1921-32: 

Calculated  man-hours  = 

(Millions) 

18.4-f.3042  (production) -0.86667  (year- 1926) 

(Millions  of  dollars) 

The  average  residual  for  the  period  1921-32  is  4.5  percent, 
with  the  maximum  of  —8.2  percent  occurring  in  1928  and  1930. 

The  average  residual  for  the  extrapolated  period,  1933-34,  is 
10.3  percent,  with  the  maximum  of  12.5  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  206b 

All  Nonferrous  Metallic  Mining — 

Consumption 

Metliod  used. — The  consumption  (expressed  in  value)  of 
nonferrous  metallic  minerals  was  related  to  the  value  of  produc- 
tion of  refined  nonferrous  metals  and  a  time  trend.  The  data 
was  fitted  to  a  linear  form  because  the  grapliical  analysis  indi- 
cated that  a  somewhat  better  fit  would  result  than  that  given 
by  tlie  usual  exponential  form. 


The  following  table  gives  the  data  used  in  the  analysis  for 
the  years  of  the  period  1919-32: 

Consumption  and  related  products 


Year 

Con- 
sump- 
tion ' 
(millions 
of  dol- 
lars) 

Produc- 
tion of 
refined 
nonfer- 
rous 
metals  • 
(millions 
of  dol- 
lars) 

Year 

Con- 
sump- 
tion ' 
(millions 
of  dol- 
lars) 

Produc- 
tion of 
refined 
nonfer- 
rous 
metals' 
(millions 
of  dol- 
lars) 

1919 

399 
421 
261 
393 
519 
507 
537 
640 
626 

680 
560 
360 
480 
710 
760 
790 
8.50 
860 

1928 

544 

687 
432 
299 
158 
142 
199 
291 

1920 

1929 

990 

1921 

1930 

790 

1922 

1931.. 

1923 

1932 

330 

1924 

1933 

390 

1925 

1934 

450 

1926 

1935 

1927 

'  Source:  Minerals  Yearbooks,  and  Mirural  Resources  of  the  United  States,  V.  S. 
Bureau  of  Mines.    Consumption  was  taken  equal  to  production. 

The  value  of  the  ores  of  aluminum,  copper,  zioc.  le;«l,  cold,  and  silver  were  added. 
Both  underground  and  open  cut  copper  are  included.  Value  of  copper  is  estimate 
on  the  basis  of  $5. OS  per  ton  of  ore.  Value  of  zinc,  lead,  gold,  and  silver  is  based  on 
the  value  of  the  smelted  metals. 

'  Value  of  refined  nonferrous  metals  produced  is  obtained  by  summing  the  follow- 
ing: production  of  refined  copper  from  Summary  No.  138.1a;  and  production  of 
nonferrous  metals  other  than  copper  from  Summary  No.  138a— includes  lead,  zinc, 
tin,  and  nickel.  The  copper  series  was  valued  at  $360  per  ton  and  the  metals  other 
than  copper  at  $326  per  ton,  these  values  being  taken  as  of  1929. 

The  formula. — The  following  formula  was  derived  graphicaUy 
from  the  data  for  the  years  of  the  period  1919-32: 

/Calculated  consumption  of N     32  +  0  60698 X 
\    nonferrous  metallic  ores    /     •'"t^ "•"""<'" ^ 


(Millions  of  dollars) 

(value  of  production  of  \_ 
refined  nonferrous  metals/ 
(Millions  of  dollars) 


11.8594  (year- 1926) 


The  average  residual  for  the  period  1919-32  is  4.5  percent, 
with  the  maximum  of  —12.7  percent  occurring  in  1919.  The 
maximum  residual  for  the  extrapolated  period,  1933-35,  is 
12.2  percent,  with  the  maximum  of  —19.3  percent  occurring  in 
1933.  The  residuals  for  the  extrapolated  period  are  not  all  in 
one  direction;  1934  has  a  very  small  negative  residual,  while 
tlie  1935  residual  is  large  and  positive. 

The  amount  of  variation  explained  is  95  percent. 


BULK    DISTRIBUTION 

AND 

CONSTRUCTION 


Summary  No.  301a 
Wholesale  Trade — Manpower 

Method  used. — Employment  in  wholesale  trade  is  related  to  an 
average  of  the  Federal  Reserve  Board  index  of  industrial  produc- 
tion over  the  current  and  preceding  year.  The  graphical 
analysis  indicated  that  the  best  results  would  be  obtained  by 
the  use  of  a  linear  relationship  with  no  time  trend. 

The  data. — The  data  used  in  the  analysis  are  given  in  the 
following  table: 

Manpower  and  related  factors 


Year 

Employment ' 
(ten  thousands) 

Industrial 

production" 

(1923-25  =  100) 

2-year  average 

1921 

129 
131 
144 
145 
149 
149 
157 
160 
107 
158 
141 
125 
122 
133 
135 
154 

1922                                                                           — 

76 

1923                      

93 

1924  

98 

1925                                                     

inn 

1926          

106 

1927                                                                        

107 

1928 

lOS 

1929 

115 

1930                  

ins 

1931 

88 

1932                          

72 

1933  

70 

1934                                             

78 

1935  

84 

1936 

98 

1  The  employment  series  is  the  sum  of  entrepreneurs  and  employees.  The  number 
of  employees  for  1929-32  are  Department  of  Commerce  revised  figures.  For  1919-29 
a  whc)le.sale  employment  series  estimated  from  pay  roll  data  was  spliced  to  the  Depart- 
ment of  Commerce  series.  The  estimated  ratio  of  wliolesale  employment  to  total 
trade  emplo>  nient  was  applied  to  the  total  trade  employment  as  given  in  unpublished 
data  of  the  Xational  Bureau  of  Economic  Research.  This  ratio  was  estimated  by 
taking  the  ratio  of  wholesale  trade  pay  rolls  to  total  trade  iiay  rolls,  and  multiplying 
the  series  by  the  ratio  of  employment  in  1929.  and  dividing  by  the  1929  ratio  of  pay 
rolls.  The  pay  rolls  data  were  obtained  from  the  National  Bureau  of  Economic 
Research.  Entrepreneurs  were  obtained  from  the  National  Bureau  of  Economic 
Research  for  the  years  1919  to  1928  and  from  Department  of  Commerce,  1929-36. 

'  2-year  average  of  current  and  previous  year.    See  table  I  of  the  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  1921-32: 

Calculated  employment  = 
011,100-1-8,899  (2-year  average  industrial  production) 

(1923-25  =  100) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1921-32,  is  1.3  percent,  with  a  maximum  of  —3.9  percent  in  1926. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
2.0  percent,  with  a  maximum  of  4.1  percent  in  1936. 

The  amount  of  variation  explained  is  95  percent. 


Summary  No.  302a 
Business  Service — 
Manpower 

Method  used. — The  factors  which  are  related  to  employment  in 
business  service  are  the  consumer  income  of  the  current  and  of  the 
previous  year  and  a  time  trend. 

The  data. — The  following  table  gives  the  data  upon  which  the 
analysis  was  based: 

Manpower  and  related  factors 


Year 

Employment  ■ 
(Thousands) 

Consumer  in- 
come *  average 
of  current  and 

previous  year 
(billions  of 

1936  dollars) 

1920 

148 
130 
136 
160 
180 
196 
215 
219 
236 
260 
254 
234 
208 
209 
237 
252 
262 

40.8 

1921                                                           

44.6 

1922 

45.6 

1923 

51.8 

1924  .       .                  

55.1 

1925 

5«.2 

1926                                     .                  

57.6 

1927 

68.6 

1928                                             

60.6 

1929 

63.8 

1930                                                

62.8 

1931 

67.5 

1932 J. 

50.6 

1933                                     

47.4 

1934 

51.1 

19.35                                         .              

55.4 

1936 

60.4 

1  Employment  from  1929-36  based  on  the  estimates  of  the  U.  S.  Department  of 
Commerce,  Bureau  of  Foreign  and  Domestic  Commerce;  from  1920-29,  based  on  the 
estimates  (unpublished)  of  the  National  Bureau  of  Economic  Research.  A  com- 
parable series  was  obtained  by  splicing  the  National  Bureau  series  to  the  Department 
of  Commerce  series  at  1929. 

1  See  table  I  of  this  Appendix. 

Thefonnula. — The  formula  derived  using  the  data  for  the  years 
of  the  period  1920-32  is  as  foDows: 

Calculated  employment  =1.1635  (1.026)  >"'-i»2« 

(Thousands) 

(average  of  consumer  income  of  current  and  previous  year)  '■2™'' 
(Billions  1936  dollars) 

The  average  residual  for  the  years  of  the  period,  1920-32,  is  2.4 
percent,  with  a  maximum  of  8.0  percent  in  1920. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
6.4  percent,  with  a  maximum  of  8.7  percent  occurring  in  1934, 

The  percent  of  variation  explained  is  97  percent. 
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Summary  No.  401a 
Retail  Trade — Manpower 

Method  used. —  Employment  is  related  to  the  consumer  income 
by  a  linear  relationsliip.  No  time  trend  was  apparent.  The 
analysis  covered  the  years  1920-32. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment  i 
(thousands) 

Consumer 
income'lbillions 
of  1936  dollars) 

1920 

•1,300 
4,054 
4,328 
4,565 
4,767 
4,895 
5,089 
5,195 
a,  210 
6,468 
5,332 
4,966 
4,532 
4,527 
4,859 
4,970 
6,208 

47.0 

1921      

42.3 

1922 

48.8 

1923    

64.8 

1924 

66.4 

1926 

67.0 

1926 

58.3 

1927     

68.9 

1928  

62.2 

1929 

65.3 

1930 

60.4 

1931     

64.6 

1932  

46.7 

1933    

48.2 

1934 

54.0 

1936 

66.9 

1936  

63.9 

'  Employment:  Employment  is  the  sum  o(  series  on  employees  and  entrepreneurs. 
For  employees,  the  Department  of  Commerce  series  is  u.sed  for  1929-36,  and  for 
1919-28  a  series  obtained  by  deducting  ostimsited  wholesale  trade  employees  (see 
summary  No.  301a)  from  total  trade  employees  as  Riven  by  the  National  Bureau 
of  Economic  Research  (unpublished  data)  is  spliced  to  the  Department  of  Commerce 
series.  For  entrepreneurs,  National  Bureau  of  Economic  Itosearch  data  for  1919-29 
is  adjusted  and  spliced  to  the  Department  of  Commerce  figures  for  1929-36. 

<  See  table  I  of  this  AppeDdi.\. 

The  formula. — -The  following  formula  was  derived  from  the 

data  for  1920-32: 

Calculated  employment=  1,420,000-1-62,181  X 

(consumer  income) 
(Billions  of  1936  dollars) 

The  average  residual  for  the  years  covered  by  the  anlaysis, 
1920-32,  is  2.2  percent,  with  a  maximum  of  —5.6  percent  in 
1923. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
1.9  percent,  with  a  maximum  of  —3.3  percent  in  1936. 

The  amount  of  variation  explained  is  90  percent. 

Summary  No.  500a 
Construction — Manpower 

Method  used. — The  time  available  for  this  study  was  too  short 
to  allow  the  making  of  an  adequate  analysis  of  the  factors 
relating  to  construction— hence  inadequate  and  crude  results 
have  been  obtained.  A  rough  relationship  between  deflated 
value  of  construction  output  and  real  national  income  and  real 
construction  costs  has  been  derived  in  order  to  arrive  at  the  cal- 
culation of  the  manpower  requirements  in  this  segment. 

Employment  for  all  construction  was  related  to  a  3-year  cen- 
tered moving  average  of  deflated  value  of  building  construction 
and  time  by  means  of  a  graphical  analysis  for  the  period  1920-32. 


Year 

Employment 
in  construc- 
tion 1  (1929  = 
100) 

Deflated  value 
of  all  construc- 
tion •  (billions 
of  1929  dollars) 

Deflated  value 
of  all  construc- 
tion •  (billions 
of  1929  dollars) 
3-year  moving 
average 
centered 

1919 

68.6 
66.7 
60.4 
77.7 
90.4 
91.4 
90.6 
99.1 
94.6 
100.0 
100.0 
89.6 
64.6 
48  0 
43.5 
45.9 
46.6 
63.2 

3.06 
2.55 
2.89 
4.55 
4.33 
4.94 
6.65 
7.06 
6.93 
7.61 
6.44 
6.26 
3.86 
1.85 
1.76 
2.05 
2.42 
3.47 

1920.. 

2.83 

1921                

3.33 

1922 

3.92 

1923          

4.61 

1924.. 

5.31 

1925       

6.22 

1926.. 

6.88 

1927.. - 

7.17 

1928.. - 

6.96 

1929  _  .    ........ 

6.40 

1930.. 

5.18 

1931       .             .... 

3.65 

1932.. 

2.49 

1933 

1.89 

1934.. 

2.08 

1935               .       .  . 

2.65 

1936 

'  Data  for  1919-28,  National  Bureau  of  Economic  Research  unpublished  data 
adjusted  to  Department  of  Commerce  data.  Data  for  1929-36,  Department  of  Com- 
merce, Bureau  of  Foreign  and  Domestic  Commerce. 

>  F.  W.  Dodge  Corporation  reports  cover  27  States  for  the  years  1919-23;  36  in  1924. 
and  37  States  tor  1925-30.  The  correction  for  the  missing  U  States  was  assumed  to 
be  12  percent  of  the  37  States.  Hence  the  later  years  were  raised  by  12  percent  and 
all  the  earlier  years  were  spliced  on  to  the  raised  total.  The  resulting  value  series 
was  deflated  by  the  liilorstate  Commerce  Commission  inde.i  of  construction  costs 
from  liaitroad  Construction  Indexes,  Bureau  of  Valuation,  Interstate  Commerce 
(Commission.  July  1.  I'W'  (mimeographed),  and  expressed  in  billions  of  1929  dollars. 
The  Interstate  Commerce  Commission  cost  series  was  used,  even  though  the  coverage 
of  the  items  malcing  up  the  cost  series  did  not  correspond  exactly  to  the  building 
construction  items  making  up  the  value  of  construction,  because  this  series  is  care- 
fully constructed  and  its  movements  probably  reflect  general  building  costs  rather 
closely. 

Deflated  value  of  construction  w.as  related  to  consumer  income  average  of  current 
and  previous  years  and  real  construction  costs  obtained  by  deflating  the  Interstate 
Commerce  Commission  cost  series  by  Bureau  of  Lal^or  .statistics  index  of  all  com- 
modity wholesale  prices  excluding  farm  products  and  foods.  The  formula  found 
using  the  data  for  the  years  of  the  period  1929-36  was: 

Calculated  deflated  value  of  construction = 
(BiUions  of  1929  dollars) 

3.5-1-0.3521  (consumer  income  average  current  and  previous  year)  — 
(Billions  of  1936  dollars) 

0.1839  (construction  costs) -0.16185  (year-1926) 
(1926  =  100) 
3  3-year  moving  average  centered — based  on  the  series  of  deflated  output  given  in 
previous  column. 

The  formula. — The  formula  obtained  for  the  years  of  the 
period  1920-32  was: 

Calculated  employment  =- 72.5 -f  98.63  X 

(1929  =  100) 

(deflated  value  of  construction,  3-year  average)"""  — 
(Billions  of  1929  doUars) 

0.8600  (year- 1926)- 

The  average  residual  for  the  period  fitted,  1920-32,  is  4.9 
percent,  with  the  maximum  of  —15.6  percent  occurring  in  1921. 
This  deviation  is  unusually  large  but  the  second  largest  is 
only  7.8  percent  in  1930. 

The  average  residual  for  the  extrapolated  period,  1933-35,  is 
7.9  percent,  with  the  maximum  of  8.2  percent  occurring  in  1923. 

The  amount  of  variation  explained  is  89.5  percent. 


SERVICES    TO    THE    CONSUMER 


Summary  No.  601a 

Public  Education — Manpower 

Method  used. — The  factors  which  are  related  to  employment  in 
public  education  are  consumer  income  and  a  time  trend.  It 
appears  that  the  consumer  income  of  the  current  year  does  not 
have  any  influence  on  employment,  since  the  policj'  of  most 
schools  is  to  determine  the  employment  for  the  current  year  at 
some  date  in  the  previous  year.  An  average  of  the  consumer 
income  for  the  past  3  years  was  therefore  used  as  one  of  the 
factors. 

The  data. — The  following  table  gives  the  data  used  in  the 

analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(thousands) 

Consumer  in- 
come average 
of  past  3  years ' 
(billions  1936 
dollars) 

1922 

929 
955 
986 
1,028 
1,066 
1,092 
1,116 
1.134 
1,151 
1,164 
1,168 
1,155 
1,153 
1,152 
1,168 

45.3 

1923.-- 

46.0 

1924  

48.6 

1925 

53.0 

1926 

55.7 

1927 - 

56.9 

1928  

58.1 

1929 - - 

69.8 

1930  

62.1 

1931     .                            .      .              

62.6 

1932  

60.1 

1933 

63.9 

1934  

49.8 

1935.. -.- 

49.6 

1936  

63.0 

1  Data  for  1922-33,  National  Bureau  of  Economic  Research  unpublished  data  ad- 
justed to  Department  of  Commerce  data.  Data  for  1934-36,  Department  of  Com- 
merce, Bureau  of  Foreign  and  Domestic  Commerce. 

•  Based  on  table  I  of  this  Appendix. 

The  formula. — The  following  formula  for  employment  was 
derived  by  using  the  data  for  the  years  of  the  period  1922-32. 

Calculated  employment  = 
(Thousands) 
.3972  (consumer  income,  average  past  3  years)  "-s^isx 
(Billions  of  1936  dollars) 

[1,298- 196.36(0.9279)^'""-"»] 

The  average  residual  for  the  period  1922-32  is  0.4  percent, 
with  the  maximum  of  0.8  percent  occurring  in  1928. 

The  average  residual  for  the  extrapolated  period  1933-36  is 
0.4  percent,  with  the  maximum  of  —1.0  percent  occurring  in 
1936. 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  602a 

Private  Education — Manpower 

Method  used. — The  factors  related  to  employment  in  private 
education  are  consumer  income  average  of  the  past  3  years, 


and  a  time  trend.  As  in  the  case  of  public  education,  it  appears 
that  the  current  year  consumer  income  has  no  influence  on  em- 
ployment due  to  the  fact  that  contracts  arc  usually  made  in  the 
previous  year. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment  i 
(thousands) 

Consumer  in- 
come average 
of  past  3  years  ' 
(billions  1930 
dollars) 

1922    ..                     

161 
168 
176 
181 
188 
197 
202 
204 
208 
210 
209 
204 
203 
207 
210 

46  3 

1923  

46.0 

1924               

48  6 

1925 

63.0 

1926    .            

65  7 

1927 

66.9 

1928 

68.1 

1929 

59.8 

1930 

62.1 

1931 

62.6 

1932 

CO.  1 

1933 

63.9 

1934      .              

49.8 

1935 - 

49.6 

1936 

63.0 

I  Data  for  1922-28,  National  Bureau  of  Economic  Research  unpublished  data  ad- 
justed to  Department  of  Commerce  data;  data  for  1929-36,  Department  of  Com- 
merce, Bureau  of  Foreign  and  Domestic  Commerce. 

3  Based  on  table  I  of  this  Appendi.\. 

The  formula. — The  following  formula  for  employment  was 
derived  by  using  the  data  for  the  years  of  the  period  1922-32. 

Calculated  cmploymcnt= [0.967+0.01382  (year— 1927)]X 

(Tbousaiids) 

[241  —  38992  (consumer  income  average  of  past  3  j'ears)"'-™"'] 
(Billions  of  1936  dollars) 

The  average  residual  for  the  period  of  the  years  1922-32  is 
0.9  percent,  with  the  maximum  of  2.0  percent  occurring  in  1928. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
1.1  percent,  with  the  maximum  of  —1.4  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  98  percent. 

Summary  No.  603a 
Professional  Service — Manpower 

Method  used. — The  factors  related  to  employment  in  profes- 
sional service  are  consumer  Income,  population  of  the  United 
States,  and  a  time  trend.  It  appears  that  the  consumer  income 
of  preceding  years  as  well  as  the  current  year  affects  the  varia- 
tions in  employment,  and  therefore  the  average  of  the  current 
and  the  preceding  2  years  of  consumer  income  was  used  as  one  of 
the  factors. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 
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Manpower  and  related  factors 


Year 

Employment ' 
(thousaods) 

Canstimer 

Income,  average 

current  and  2 

previous  years  ' 

(billions  1936 

dollars) 

Population  • 
(millions) 

1921         

858 
902 
967 
1.017 
1,032 
1.095 
1,125 
1.188 
1,248 
1,279 
1,278 
1.280 
1.203 
1.292 
1,337 
1,372 

45.3 
46.0 
48.6 
53.0 
55.7 
56.9 
58.1 
59.8 

oai 

62.6 
80.1 
62.9 
49.8 
49.7 
53.0 
68.3 

108 

1922                                  

110 

1923 

112 

1924                   

113 

1926... 

115 

1926            

116 

1927 

118 

1928        

120 

1929 

122 

1930 

123 

1931 

124 

1932 

125 

1933 

126 

1934 

127 

193S           

128 

1936 

12S 

I  Data  for  1921-28.  National  Bureau  of  Economic  Research  unpublished  data 
adjusted  to  Uepartment  of  Commerce  data;  1929-36,  Department  of  Commerce, 
Bureau  of  Foreign  and  Domestic  Commerce. 

>  Based  on  the  data  in  table  I  of  this  Appendix. 

>  See  table  I  of  this  Appendix. 


The  formula. — The  formula  derived  using 
years  of  the  period  1921-32  is  as  follows: 


the  data  for  the 


Calculated  employment = 

(Thousands) 


=  - 1667.9-1-0.683  (year- 1927)  + 


5  0028^''°"^"'?®''  'ncome,  average  of\^2i.3077  (population) 
"^current  and  preceding  2  yearsy  (Millions) 

(Billions  of  1936  dollars) 

The  average  residual  for  the  years  of  the  period  1921-32  is 
0.7  percent,  with  the  maximum  of  —2.6  percent  occurring  in 
1925. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
0.6  percent,  with  the  maximum  of  1.1  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  99  percent. 

Summary  No.  604a 
Personal  Service — Manpower 

Method  used. — The  factors  related  to  employment  are  consumer 
income  and  a  time  trend.  Since  it  appeared  that  consumer  in- 
come of  the  previous  year  was  also  of  importance,  the  factor 
employed  was  the  average  of  the  current  and  previous  year  con- 
sumer income. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(millions) 

Consumer 
income,  average 

current  and 

previous  year  ' 

(billions  1936 

dollars) 

1923 

1.20 
1.22 
1.27 
1.36 
1.43 
1.46 
1.62 
1.67 
1.45 
1.30 
1.25 
1.41 
1.49 
1.55 

51.8 

1924 

65.1 

1925 

56  2 

1926 

57.6 

1927 

58.6 

1928 

60.6 

1929  

63.8 

1930 

62.8 

1931 

67.5 

1932 : 

50.6 

1933 

47.4 

1934 

61.1 

1936 

65.4 

1938 

60.4 

■  Data  for  1920-28,  National  Bureau  of  Economic  Research  unpublished  data  ad- 
nsted  to  Department  of  Commerce  data;  data  for  1929-36.  Department  ol  Commerce. 
Bureau  of  Forci^  and  Domestic  Commerce. 

■  Based  on  table  I  of  this  Appendix. 


The  formula. — The  following  formula  for  employment  was 
derived  by  using  the  data  for  the  years  of  the  period  1923-32: 

Calculated  employment =0.02003  (1.015)''"'-"»8X 

(Millions) 

(consumer  income,  average  of  current  and  previous  year)'-""' 

(Billions  1936  dollars) 

The  average  residual  for  the  period  of  the  years  1923-32  is  1.6 
percent,  with  the  maximum  of  3.4  percent  occurring  in  1923. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
3.3  percent,  with  the  maximum  of  —6.6  percent  occurring  in 
1936. 

The  amount  of  variation  explained  is  95  percent. 

Summary  No.  605a 
Domestic  Service — Manpower 

Method  used. — Employrnent  in  domestic  service  was  related  to 
consumer  income  of  nonwage  earners  and  a  time  trend.  A 
multiplicative  form  of  the  equation  was  first  used  and  the 
factors  were  introduced  as  exponentials.  The  time  trend  factor 
was  then  modified  into  a  Unear  form. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(thousands) 

Consumer 
income  of  other 
than  wage 
earners  '  (bil- 
lions 1936  dol- 
lars) 

1919 

1,708 
1.706 
1,742 
1,841 
1,954 
2,003 
2,059 
2,130 
2,176 
2,184 
2,257 
2,108 
1,888 
1,621 
1,540 
1,740 
1,823 
1,954 

34.7 

1920 

34.1 

1921 

32.4 

1922 

37.9 

1923         

41.2 

1924 

42  7 

1925       

44.3 

1926 

45  0 

1927                      .             

45.8 

1928 

49.0 

1929        .                        

51.4 

1930 

48  7 

1931 

46.3 

1932 

39  8 

1933                   

40.7 

1934  

44.8 

1935                             

489 

1936 

.'.2  5 

'  1919-28,  unpublished  data  of  National  Bureau  of  Economic  Research;  1929-36, 
DepsiTtment  of  Commerce.  Bureau  of  Foreig:n  and  Domestic  Commerce. 

'  This  is  total  consunuT  income  less  consumer  income  of  wagi'  earners.  Consumei 
income  of  wage  earners  is  computed  from  the  wases  of  mining,  manufacturing,  trans- 
portation, and  construction  as  estimated  by  the  Department  of  Commerce,  Surrey  o) 
Current  Business,  June  1936,  for  the  years  1929-36;  from  1919-28  revL^ed  data  of  the 
National  Bureau  of  Economic  Research  were  u-sed;  this  series  was  deQated  by  the 
Bureau  of  Labor  Statistics  Cost  of  Living  Index  (1936=100). 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919-32: 

Calculated  employment  = 
(Thousands) 


45.39  [1.00-0.02  (year-1926)] 


/consumer  income  of V •''"'' 
\^     nonwage  earners    / 
(Billions  1936  doallrs) 


The  average  residual  for  the  period  1920-32  is  2.7  percent,  with 
the  maximum  of  6.7  percent  occurring  in  1921. 

The  average  residual  for  the  extrapolated  period,  1933-36,  is 
2.2  percent,  with  the  maximum  of  —4.6  percent  occurring  in 
1933. 

The  amount  of  variation  explained  is  90  percent. 


Patterns  of  Resource  Use 
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Summary  No.  606a 
Recreation  and  Amusement — 
Manpower 

Method  used. —  Manpower  in  recreation  and  amusement  was 
related  directly  to  consumer  income.  A  linear  relationship  was 
fitted  to  the  data  for  the  years  1927-32.  This  type  of  relation- 
ship appeared  to  give  the  best  fit  as  indicated  by  the  graphical 
analysis. 

The  data. — The  following  tabic  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Einployinpnt ' 
(thousands) 

Consumer  in- 
come J  (billions 
of  1936  doUars) 

1927                        .        .                   

232 
245 
247 
246 
214 
182 
188 
212 
232 
252 

S8.9 

192S 

62.2 

1929                                           

6,5.3 

1930 

60.4 

1931 

54.6 

1932 

46.7 

1933          

48.2 

1934 

54.0 

1935 

56.9 

1936 

63.9 

'  For  the  years  1929-30,  the  sum  of  the  Department  of  Commerce  figures  for  motion 
picture  production  and  exhibition,  radio  broadcasting,  and  "other  recreation  and 
amu.senient."  plus  total  entrepreneurs.  For  tlie  years  1927-28,  series  from  the  National 
Uureau  of  Economic  Ke.';e;irch,  spliced  at  1929. 

2  Sec  table  I  of  this  .\ppendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  1927-32: 

Calculated  employment  =  7030  +  3803  X 
(consumer  income) 
(UiUions  of  1930  dollars) 

The  average  residual  for  the  years  covered  by  the  analysis, 
1927-32,  is  1.6  percent  with  a  maximum  of  3.8  percent  in  1930. 

The  average  residual  for  the  extrapolated  years,  1933-36,  is 
1.4  percent,  with  a  maximum  of  4.0  percent  in  1935. 

The  amount  of  variation  explained  is  94  percent. 

Summary  No.  607a 

Miscellaneous  Consumers  Service — 

Manpower 

Method  used. — The  factors  related  to  manpower  are  consumer 
income  and  a  time  trend.     It  appears  that  consumer  income  of 


the  previous  year  was  also  related  to  the  employment  and  there- 
fore the  average  of  the  current  and  previous  year's  consumer 
income  was  used. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Employment ' 
(thousands) 

Consumer  in- 
come averape 
current  and 
previous  year  ' 
(billions  1936 
dollars) 

1922 

193 
212 
234 
2SS 
273 
287 
297 
311 
309 
293 
273 
271 
304 
324 
334 

45.6 

1923  - 

51.8 

1924 

65.1 

1925  

56.2 

1926 

57.6 

1927 

58.6 

1928 1 

60.6 

1929      

63.8 

1930 — 

62.8 

1931 

57.5 

1932 

50.6 

1933        

47.4 

1934  

51.1 

1935      .                 ..            

66.4 

1936  

60.4 

I  Data  for  1922-28,  National  Bureau  of  Economic  Research  unpublished  data  ad- 
ju-sted  to  Department  of  Commerce  data;  data  for  1929-30  computed  from  data  of 
Department  of  Commerce,  Bureau  of  Foreign  and  Domestic  Commerce. 

'  Based  on  table  I  of  this  Appendix. 

The  formula. — -The  formula  derived,  using  the  data  for  the 
years  of  the  period  1922-32,  is  as  follows: 

Calculated  employment  =  5.5I7  (1.025)  y=«r-i927x 
(Thousands) 

(consumer  income  average  current  and  previous  year)"'"" 
(Billions  1936  dollars) 

The  average  residual  for  the  years  of  the  period  1922-32  is 
2.3  percent,  with  the  maximum  of  4.4  percent  occurring  in  1927. 

The  average  residual  for  the  years  of  the  extrapolated  period 
1933-36  is  4.3  percent,  with  the  maximum  of  —6.2  percent 
occurring  in  1936. 

The  amount  of  variation  explained  is  96  percent. 


MI  SCELLANEOUS 


Summary  No.  800a 
Miscellaneous  Industries — 
Manpower 

Method  used. — This  group  of  industries  comprises  all  those 
for  which  individual  data  are  not  available.  It  includes  persons 
engaged  in  the  brokerage  and  building  and  loan  fields,  in  fish- 
eries and  in  hand  trades,  architects,  artists,  authors,  chemists, 
designers,  draftsmen,  inventors,  teachers  of  athletics  and  dancing, 
and  persons  engaged  in  various  other  difficult-to-classify  indus- 
tries and  services. 

Employment  in  this  group  was  correlated  with  a  3-year 
average  (current  and  past  2  years)  of  the  Federal  Reserve  inde 
of  industrial  production.  An  average  was  used  because  it  ^ 
probable  that  changes  in  employment  in  the  various  industric' 
of  this  group  occur  very  slowly  and  depend  much  more  upon  the 
trend  of  industrial  production  or  buying  power  than  upon  the 
year  to  year  fluctuations.  The  average  of  industrial  production 
which  has  been  used  is  highly  correlated  with  buying  power  in 
the  corresponding  period. 

The  data. — The  following  table  presents  the  data  used  in  the 
analysis: 

Manpower  and  related  factors 


Year 

Persons 

engaged  > 

(thousands) 

F.  R.B. 
industrial  pro- 
duction, aver- 
age current 
and  p:ist  2 
years  '  (1923- 
25=100) 

1921 

1,978 
2,001 
2,064 
2,078 
2.148 
2.203 
2,266 
2,404 
2,390 
2,381 
2,287 
2,071 
2,077 
2,092 
2,029 
2,122 

79 

1922 

80 

1923 

84 

1924  

94 

1925 

100 

1926 

102 

1927 

106 

1928 — 

108 

1929 

112 

1930 

109 

1931 

99 

1932 

80 

1933 

74 

1934 

73 

1935 

82 

1936  „ 

91 

'  Derived  by  subtracting  the  total  of  all  the  individual  industrial  segments  (each 
one  described  elsewhere  in  this  Appendix)  from  the  total  number  of  persons  engaged 
in  all  industries.  The  total  for  all  industries  is  unpublished  data  from  the  National 
Bureau  of  Economic  Kesearch  adjusted  to  Department  of  Commerce  data,  1921-28, 
and  Department  of  Commerce  data  for  1929-36;  the  entire  series  adjuste<l  upward  in 
accordance  with  the  augmented  agriculture  series  (which  includes  unpaid  family 
workers)  used  by  National  Resources  Committee. 

'  Federal  Reserve  Board.    3- year  average  of  data  in  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  obtained  by  graph- 
ical analysis  of  the  data  for  the  years  of  the  period  1921-32: 

Calculated  employment = 
(Thousands) 

1940 + 270/^'"'^"^*''''^^  production,  average  of  3  years V •"' 

The  average  residual  for  the  years  of  the  period  covered,  1921- 
32,  is  2.0  percent,  with  the  maximum  of  4.0  percent  occurring  in 
1931. 

The  average  residual  for  the  years  of  the  extrapolated  period, 
1933-36,  is  2.3  percent,  with  the  maximum  of  4.4  percent 
occurring  in  1934. 

The  amount  of  variation  explained  is  87  percent. 
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Summary  No.  801a 

Nonwage  Earners  in  Mining  and 

Manufacturing 

Afethod  used. — The  nonwage  earners  segment  is  made  up  of 
salaried  workers  (including  central  administrative  office  em- 
ployees), and  entrepreneurs  in  all  manufacturing  industries  and 
in  mining  and  quarrying.  The  total  was  related  to  the  average 
of  the  industrial  production  for  the  current  year  and  previous 
year,  since  this  group  of  workers  is  affected  by  the  past  activity 
as  well  as  by  the  current.  The  data  for  the  years  1919  and  1920 
were  omitted  from  the  analysis  since  they  tend  to  distort  the 
relationship;  this  is  due  to  the  influence  of  other  important 
factors  at  work  during  those  years. 

The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Nonwage    earners    in    mining    and    manufacturing    and    related 

factors 


Year 

Nonwage 

earners' 

(thousands) 

.Average 

industrial 

production, 

current  year 

and  previous 

year" 
(1923-25  =  100) 

1921 

1,250 
1, 326 
1,490 
1,  462 
1,470 
1,545 
1,  576 
1,  586 
1,733 
1,719 
1,614 
1,282 
1,213 
1,368 
1,386 
1,470 

77 

1922            .  .            

76 

1923 

93 

1924 

9S 

1925 — 

99 

1926 

106 

1927 

107 

1928                      

108 

1929 

115 

1930          ...            

107 

1931 

88 

1932          ..                      .  .              

72 

1933 

68 

1934                                                                               —     . 

78 

1935  

84 

1936 

98 

»  Based  upon  unpublished  data  of  the  National  Bureau  of  Economic  Research, 
1921-28,  and  data  from  the  Department  of  Commerce,  Bureau  of  Foreign  and 
Domestic  Commerce,  1929-3G.  The  series  includes  central  administrative  office 
employees. 

'  Based  on  the  Federal  Reserve  Board's  index  of  Industrial  production  (1923-25= 
100).    See  table  I  of  this  Appendix. 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period,  1921-32; 

Calculated  nonwage  earners = 

(Thousands) 
11  O";  /'*''6f  66  of  industrial  production, \  I  ^.g 
■      V^       current  and  previous  year       J' 

(1923-25=100) 

The  average  residual  for  the  years  1921-32  is  3.6  percent, 
with  the  maximum  of  6.3  percent  occurring  in  1931. 

The  values  for  the  4  years  1933-36  were  extrapolated  by  the 
use  of  the  formula.  The  average  residual  for  these  4  years  is 
2.3  percent,  with  the  maximum  of  —4.6  percent  occurring  in  1936. 

The  amount  of  variation  explained  is  97.5  percent. 

Summary  No.  1000b 
Value  of  Imports 

Method  used. — The  value  of  imports  in  current  dollars  is 
related  to  the  consumer  income  in  current  dollars,  an  index  of 
the  value  of  industrial  production,  and  a  time  trend.  An  ex- 
ponential relationship  is  fitted  to  the  data  for  the  years  1919-32. 
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The  data. — The  following  table  gives  the  data  used  in  the 
analysis: 

Value  of  imports  and  related  factors 


Value  of  imports  and  related  factors — Continued 


Year 

Value  of  im- 
ports '  (millions 
current  dollars) 

Consumer  In- 
come, 2  (billions 
current  dollars) 

Value  of 

industrial 

productions ' 

(1926=100) 

1919              

3,828 
5,102 
2,557 
3,074 
3,732 
3,575 
4,176 
4,406 
4,163 
4,078 
4,339 
3,114 
2,088 
1,325 

57.3 
66.8 
53.9 
57.9 
66.5 
67.3 
70.9 
73.3 
73.2 
75.8 
79.3 
71.9 
59.4 
45.9 

99.0 

1920.. 

130.0 

1921 

65.0 

1922.. 

80.6 

1923            .  . 

97.5 

1924 

87.7 

1925                 ..     ... 

98.8 

1926     

100.0 

1927 

92.2 

1928 

95.5 

1929 

100. 1 

1930  

75.7 

1931 

56.2 

1832 

41.6 

1  U.  S.  Department  of  Commerce,  Bureau  of  Foreign  and  Domestic  Commerce, 
as  given  in  the  Survey  of  Current  Business. 

1  See  table  I  of  this  Appendix. 

>  The  Federal  Reserve  Board  index  of  industrial  production  (see  table  I)  was 
reduced  to  a  H)2tj=  100  base  and  multiplied  by  the  Bureau  of  Labor  Statistics  whole- 
sale price  index  excluding  farm  products  and  food. 


Year 

Value  of  im- 
ports (millions 
current  dollars} 

Consumer  in- 
come, (billions 
current  dollars) 

Value  of 
industrial 
productions 
(1926=100) 

1933 

1,433 
1,636 
2, 039 
2,600 

44.6 
61.8 
56.9 
63.9 

50.1 

1934 

67  3 

1935 

64.9 

1936 

77  4 

The  formula. — The  following  formula  was  derived  from  the 
data  for  the  years  of  the  period  1919-32: 

Value  of  imports =$2,792,000  (0.9848)  ='="-'»26X 

(consumer  income)""'-""  (value  of  industrial  production)  "■""• 
(Billions  current  dollars)  (1926=  100) 

The  average  residual  for  the  years  of  the  period  1919-32,  is 
2.3  percent,  with  the  maximum  of  —  7.0  percent  occurring  in  1923. 

The  average  residual  for  the  extrapolated  years,  1933-35,  is 
2.1  percent  with  the  maximum  of  —4.8  percent  occurring  in  1934. 

The  amount  of  variation  explained  is  98  percent. 
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Table  II. — Number  of  wage  earners  in  manufacturing  segments  • 


Code 
No. 


Segment 


1919 


1920 


1921 


1922 


1923 


1925 


1926 


1927 


lOla 

102a 

103a 

104a 

105a 

106.  la 

107a 

108a 

109a 

110a 

nia 

112a 


113a 
114a 
llSa 
116a 
118a 
119a 
120a 
120.  la 

121a 
123a 
12ea 
126.  la 
126.2a 

122a 
124a 
125a 

127a 
128a 

I2ga 

129.1a 

135a 

131a 

132a 

133a 

134a 

134.1a 

134.2a 

I36a 

:37a 

138a 

138.1a 

139a 

140a 

141a 

143a 

144% 

14.^a 

146a 


Food,  tobacco,  and  leather: 

Butter,  cheese,  condensed  milk  and  ice  cream.. 


Moat  packing 

yiour  milHng 

('anuiug  and  preserving 

Tobacco 

Sugiir  reQning 

I^ailicr  (tanning  and  finishing) 

Broad  and  oilier  bakery  products 

Other  Foods 

Confectionery  and  chocolate 

liuot-s  and  shoes 

Loatlier  products  other  than  leather  and  boots  and 
shoes. 

Textiles: 

Woolen  and  worsted 

I'otlon  textiles 

Silk  and  rayon 

Kayon  yarn 

Knit  goods 

Wearing  apparel 

Dyeing  and  finishing 

Other  textiles 

Paper  and  printing: 

Paper  and  pulp 

Converted  paper  products 

Friutinj;  and  publisliinp  (newspaper  and  periodical) 

Printing  and  pubhshing  (books,  music,  and  job) 

Printini;  and  publishing  (allied  industries).. 

Forest  products: 

Lumber  and  millwork 

Furniture  and  related  products 

Miscellaneous  Imnber  products 

Rubber: 

Rubber  tires  and  tubes 

Rubber  products  other  than  tires  and  tubes. 

Chemicals: 

Chemicals 

Paints  and  varnishes 

Fertilizer 

Products  of  minerals  other  than  metals: 

Petroleum  refining 

Glass 

Cement 

Clay  products  other  than  pottery 

Pottery 

Marble  granite  and  other  glass  products 

Coke 

Metals  and  metal  manufactures: 

Iron  and  steel 

Nonferrous  metals  other  than  copper 

('opper  smelting  and  refining 

.  Iron  and  steel  products 

Nonferrous  metal  products 

Automobiles 

Transportation  equipment  other  than  autos 

Klectrical  machinery 

Machinery  excluding  electrical 

Miscellaneous  manufacturing  industries 


Grand  total 8,428,442 


64,468 
160,996 

45, 481 

89,923 
157,097 

36,084 

72. 476 
141,592 
143, 194 

85,676 
211.049 

66. 554 


166,787 
430,966 
126, 782 

172,  572 

607, 700 

55,985 

149,211 

113.  759 
94,356 
120.  381 
124,307 
57, 246 

567. 901 
147, 061 
139,  527 

158,549 

243,837 
21, 507 
26,296 

68,889 
77, 520 
25,524 
77,  763 
27, 934 
92.902 
29,490 

416,784 
25,086 
17, 345 
441,016 
202,  337 
343,  115 
515,467 
212,  374 
805,801 
309,911 


m 

141,051 
40. 933 
(') 

154. 039 
35.558 
64.082 

155.417 

127, 070 
O 

19«,  467 
58,099 


(') 

481, 639 
131,  356 

« 

179,088 
519. 037 

53. 127 
143,  506 

130, 972 
101,  693 
110,587 
148, 507 
58,838 

528, 779 
161, 258 
120,  257 

(') 
(') 

(>)    . 

26, 639 

(>) 

83, 531 

30.73S 

(») 

29.920 

(') 

28,632 

W 

m 

f) 

(') 

(') 
364,779 

(') 

(') 

(>) 
326, 000 


8,  612, 000 


51,  675 
117,042 

35, 378 

59.  075 
149,985 

31,783 

48. 955 
148,  5UU 
105.  484 

67, 656 
183,  502 

47,906 


162, 364 
412, 058 
121,  378 

(') 

101,880 
473.  574 

51,510 
126,  974 

106,  294 
79,  402 

107,  534 
122,771 

52,  195 

451,932 
129,  133 
111,952 

55,  496 

47,  777 

10,'-.,  254 
18,015 
16,  898 

63, 189 
54. 748 
26, 231 
69, 171 
28.458 
71,394 
16,441 

254,  213 
12.  706 
8. 293 
317,213 
191,681 
212.  777 
192.990 
101.204 
618. 125 
256.257 


6, 476, 089 


(•) 
116,  184 

35,884 

(') 
146, 427 

33,664 

57,485 
149, 895 
100,  974 

m 

202, 904 
64, 377 


(') 

414,408 
119,666 

193, 349 

485,887 

54,881 

142. 687 

109, 384 
93,  333 
111,055 
125,454 
55,917 

574, 940 
153.013 
153,419 

(') 
61,861 

(') 

19,425 

17,724 

(') 

68.000 
33.  173 

m 

32.538 

(') 

21,896 

(') 

(") 

(') 

(') 

(") 
289,  .Ml 

(') 

(') 

(>) 
274, 000 


56,020 
132,  792 

35,194 

81, 678 
146, 337 

25.645 

59,  703 
162, 613 
108,254 

70, 361 
225, 216 

59, 826 


194,552 
471,503 
125,234 

13,968 
194, 244 
499,413 

63,414 
166, 933 

120, 077 
98,  349 
116.646 
131.738 
60.609 

598.  712 
173, 529 
146,  378 

73,  963 
63, 905 

206,  518 
22,  818 
18, 572 

66,  717 
73,335 
35. 091 

103, 239 
36, 824 

103. 136 
28,728 

424,913 
20,  857 
10, 777 
467,272 
260,164 
404,886 
201,442 
229, 070 
695. 052 
303,062 


7, 133, 000 


8,194,879 


54.329 
127,080 

33,400 

72,648 
136. 739 

25,046 

52,  184 
104, 180 
108.094 

66,900 
205, 584 

53, 762 


174, 360 
408, 665 
119. 164 

14. 896 
175.014 
455,  406 

61,  129 
162,  563 

117,344 
96, 975 
118.069 
134.970 
02. 591 

677,  980 
169, 856 
141,951 

71,  r>M 
51,751 

163, 075 
23,  310 
17, 224 

62,273 
60,  717 
37,  209 

100,  773 
38.821 

102,867 
23, 042 

394.614 
21,225 
16,  235 
438, 713 
243.600 
376, 927 
147, 691 
217,  730 
603. 788 
310,034 


7, 610, 000 


51.317 
120.422 

31.988 

96.396 
132. 132 

25,440 

52. 263 
160.411 
107. 728 

70,728 
206.992 

64,873 


165. 224 
445.184 
132. 509 

19.128 
186.668 
466. 846 

70.  749 
161. 103 

123.  R42 
97,  000 
117,001 
135,514 
62, 749 

578. 309 
186. 283 
142. 687 

81,640 
60.229 

184.122 
25.490 
19,644 

65.  324 
69.  371 
38.437 

103,061 
36,536 

105. 584 
23.437 

399, 914 
21.606 
15.588 
450.869 
239.422 
426,110 
133.468 
220,436 
641,680 
307,931 


7,871.945 


(') 
118.084 

30.  753 

(•) 
125.806 

23.399 

52. 895 
164. 674 
105. 754 

73. 149 
203.240 

66, 300 


149, 782 
450, 194 
129, 346 

(') 

187, 608 
473, 092 

72, 131 
166, 033 

127,  596 
100. 802 
118.887 
140, 599 
04,684 

506,  344 
194, 485 
147. 798 

79.788 
01.301 

188.855 
25,647 
20,868 

71,798 
72, 450 
37. 675 

10.^001 
37,288 

111,131 
23,  551 

410,  464 

(') 

(>) 

470. 114 
245. 300 
422.030 
138. 398 
215.000 

(') 
320, 000 


8.028.000 


52. 933 
1 19. 095 

29.982 

93. 574 
129.299 

22.369 

52,924 
171,995 
105,  741 

69,590 
203,110 

00,047 


154,361 

467. 696 
127,643 

26,341 
190,283 
501,656 

73,  851 
179, 026 

123,360 
101,077 
119,309 
143,  341 
65,863 

510, 977 
193,  787 
146,288 

78,256 
63,741 

183, 565 
28,061 
18. 612 

71.234 
65.825 
36.322 

101,230 
36.667 

109. 959 
21.356 

389.270 
20. 103 
13, 924 

445. 697 
238.580 
369.399 
125.506 
211,600 
664,604 
319, 521 


7.848,600 


Code 
No. 


101a 

102a 

103a 

104a 

105a 

105.  la 

107a 

108a 

109a 

110a 

Ilia 

112a 


113a 
114a 
11, to 
110a 
118a 
liga 
120a 
120.  la 

121a 

123a 

126a 

126.1a 

126.2a 


Segment 


Food,  tobacco,  and  leather: 

Butter,  cheese,  condensed  milk,  and  ice  cream 

Meat  packing 

Flour  milling 

Canning  and  preserving 

Tobacco 

Sugar  reflni!»E 

I.oatber  (tanning  and  finishing) 

Bread  and  other  bakery  products 

Other  foods 

Confectionery  and  chocolate 

Boots  and  shoes 

Ix-ather  products  other  than  leather  and  boots  and 
shoos 

Textiles; 

Woolen  and  worsted 

Cotton  textiles 

Silk  and  rayon 

Rayon  yam 

Knit  goods . I...I.IIIIIIIII! 

Wearing  apparel I_II"""I! 

Dyeing  and  finishing '.../."'.""" 

Other  textiles 

Paper  and  printing: 

Paiwr  and  pulp 

Converted  paper  products 

(Printing  and  publishing  (newspaper  and  periodical) 

Printing  and  publishmg  (books,  music,  and  job) 

Printing  and  publishing  (allied  industries) 


1928 


(') 
120. 112 

28,612 

(') 
125.  529 

21.  599 

51.582 
182,  213 
115,000 

07,  947 
197. 080 

60,604 

148, 001 
421.919 
120. 957 

(') 

190. 015 
513. 165 

74. 800 
174. 962 

121.565 
102, 102 
122, 160 
143, 950 
69.518 


1929 


51.962 
122. 505 

27. 028 
112,  478 
116,119 

23.727 

49, 8:12 
200,841 
129,640 

09,  750 
205. 640 

63. 000 

146. 959 
424, 916 
130. 407 

39, 106 
208,488 
536, 681 

79, 327 
181, 080 

128.049 
105.  344 
129, 600 
151,459 
76, 869 


1930 


(') 
116,691 

24. 756 
110.037 
108,  367 

23.  172 

40. 276 
197.  316 
127.406 

03. 502 
191. 765 

56.991 

119.683 
356. 533 
119.641 

38.752 
190,  571 
497. 262 

73.058 
157.065 

123.615 
99,501 
128,  473 
149, 084 
71.409 


1931 


42, 
106, 
22, 
88, 
99. 
20, 
42, 
183, 
114. 
50, 
ISl, 


49.336 

119.537 
329.962 
109. 225 

3S,  735 
178,011 
472.  168 

67. 603 
144, 302 

107,902 
89. 186 
119.503 
135. 977 
62.  308 


I  Census  of  Manufactures  data  in  odd  years,  interpolated  In  even 

similar  to  that  used  by  Bureau  of  Labor  Statistics  In  adjusting  to  1933 

'  Not  available. 


39.288 
102. 120 
22. 010 
71. 980 
90. 790 
20.383 
37.634 
173. 443 
107.014 
52.323 
179. 647 

45,401 

99, 736 
296,448 

93, 018 

34.288 
174.  273 
422, 053 

60,534 
123,241 

98, 771 
83,689 
108. 600 
114.442 
53.293 


1933 


40. 337 
113.193 
23,207 
94.  267 
87.325 
24,  572 
44.191 
182.  382 
131.210 
57.009 
190,915 

46,894 

127, 227 
379, 445 
110,  322 

44,306 
189,698 
462,857 

66. 272 
138.504 

107.298 
89.082 
109. 087 
104. 699 
50.  320 


1934 


47. 453 
138.888 
26. 595 
120.  379 
94,600 
24. 703 
49.008 
212.110 
166. 974 
.'.9,051 
202. 178 

63,327 

119,  339 
393, 674 
119,699 

46, 654 
205.253 
618.862 

72.940 
152. 448 

123.822 
103. 780 
116.505 
118.414 
50. 126 


1935 


48,544 
116.620 
26.495 
129.633 
90, 442 
28,008 
50.877 
218. 423 
171.319 
60. 400 
202.113 

67. 765 

158.467 
369. 061 
125.908 

50. 550 
219.  776 
673.806 

74, 749 
165.970 

126.971 
108. 694 
118.684 
126. 692 
59.466 


1936 


50.018 

(') 

25,738 
122,  200 

90,000 
(') 

51,262 
231, 625 
177.332 

60,040 
(>) 

(') 

(') 

(') 

(') 

52.281 
230. 483 
635.503 

(>) 
175,211 

128,865 

(>) 

124. 796 
138.728 

64,762 


years  by  Bureau  of  Labor  Statistics  employment  Indexes  (adjusted  to  1935  census  data  by  method  roughly 
census). 
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Table  II. — Number  of  wage  earners  in  manufacturing  segments — Continued 


Code 
No. 


122a 
124a 
125a 

127a 
128a 

129a 
129.  la 
135a 

131a 

132a 

133a 

134a 

134.  In 

134.2a 

136a 

137n 

138a 

138.  la 

139a 

I40a 

141a 

143a 

144a 

145a 

146a 


Segment 


Forest  products: 

Lumber  and  millwork 

Furniture  and  related  products , 

Miscellaneous  lumber  products 

Rubber: 

Rubber  tires  and  tubes 

Rubber  products  other  than  tires  and  tubes.. 

Chemicals: 

Cliemicals 

Paints  and  varnishes 

Fertilizer 

Products  of  minerals  other  than  metals: 

Petroleum  refining 

(Hn.ss.. 

Cement 

Clay  products  other  than  pottery 

Pottery 

Marble  granite  and  ottier  glass  products 

Coke- - 

Metals  and  metal  manufactures: 

Iron  and  steel. -.. 

Nonforrnus  metals  other  than  copper 

Copper  smeltinp  and  refining 

Iron  and  steel  jiroducts.. 

Nonferrous  metal  products 

Automobiles- 

Transportation  equipment  other  than  autos. 

ElectricJil  machinery 

Machinery  excluding  electrical 

Miscellaneous  manufacturing  industries 


Grand  total 7,822,000 


1928 


496, 190 
190,018 
148, 557 

83, 194 
08, 013 

184, 099 
28,  335 
19, 906 

67,846 
64,  691 
34, 169 
94,238 
36, 951 
105, 188 
18,994 

390,957 

m 

438,934 
252,900 
435, 319 
106,  768 
247,300 

m 

310, 000 


1929 


609,  743 
199, 235 
153, 861 

83, 263 
65,885 

196,  292 
29.211 
20, 926 

80,  596 
67,  527 
33, 368 
93, 657 
35,  409 
98, 456 
20,978 

419,  534 
21,502 
14,644 
461,348 
278, 695 
447, 448 
135,907 
283,015 
786,  2S5 
322, 290 


8,  369, 752 


1930 


392, 052 
158,513 
135, 557 

59,803 
55, 561 

183, 190 
2.5,268 
20, 535 

80, 935 
58,  546 
31,217 
73, 716 
31, 005 
86, 457 
18, 674 

306, 979 

« 

399.338 
233,600 
323, 368 
128, 559 
238, 190 
661, 925 
274, 000 


7, 289, 000 


1931 


251,  088 
131,310 
123, 900 

49, 159 
60, 100 

160, 047 
22,  521 
14,551 

68,824 
49,917 
24,317 
51,128 
27, 023 
70. 486 
14, 684 

278, 206 
13,  264 
8,642 
319. 747 
186, 683 
285,  515 
88, 244 
180, 100 
486,  633 
226, 766 


1932 


188,969 
102, 083 
102,  373 

45, 269 
45,418 

145, 978 
20, 857 
10, 462 

63,  958 
41,697 
16, 900 
32, 408 
21,916 
50, 709 
11,444 

234, 899 

11,144 

5,993 

250, 493 

162.000 

243, 034 

69, 108 

134, 774 

349, 626 

187, 529 


1933 


224, 844 
108, 298 
116,303 

52, 926 
63,  307 

163, 751 
22.880 
13, 063 

69,  047 
49,  797 
15, 829 
31,944 
23,  632 
61, 828 
13,  362 

288, 945 

12,640 

5,596 

265. 163 

170. 036 

243,  614 

63,  759 

130, 857 

374, 452 

207,  009 


5,787,611 


1934 


271,  504 
115,  337 
126, 425 

60, 340 

58,  272 

191. 689 
26,  319 
17, 661 

77, 609 
63,880 
19, 860 
39, 130 
27,838 
65, 042 
15, 820 

347,  601 
16, 471 
8,363 
321,761 
208, 700 
351,7(9 
89, 609 
161.240 
604,012 
244, 075 


6,  771, 000 


303, 527 
133,  772 
136, 638 

57,128 
67, 553 

187, 733 
27,686 
17,473 

77, 402 
67, 138 
20, 698 
44,683 
28,845 
71,957 
17,035 

374, 808 
16, 793 
10, 449 
351,  083 
237,  768 
387,801 
93,088 
179,  641 
570, 555 
249,  217 


7, 203,  794 


1936 


360, 068 
167, 465 
148, 106 

58, 909 
62,572 

194,  636 
28,646 
15, 989 

78,783 
68,548 
23, 791 
61, 177 
28,  374 
(") 
18,  266 

424, 171 

17, 759 

11,856 

455, 753 

141,900 

397, 108 

112,516 

203, 274 

680,  379 

W 


7,670,000 


'  Not  available. 


Persons  engaged  in  nonmanufacturing  industries,  and  nonwage  earners  in  mamifacluring 
[Equivalent  full-time  employment,  in  thousandsl 


Code 
No. 


2 
3 
4 

6 
6 
7 
8 
9 
10 
11 

601 
602 
603 
604 
605 
606 
607 

201 
204 
202 
203 
205 
206 

301 
302 
401 
500 
800 
801 


900 


Segment 


Services  to  the  economy: 

Federal  Goverrmient,  exclu- 
sive of  Post  Office 

State  and  local  government. 

Banking  and  finance 

Post  Office 

Telephone 

Telegraph.. 

Electric  power 

Gas -. 

Rail  transportation 

.\uto  transportation 

Other  transportation 

Services  to  the  consumer; 

Public  edtu-ation 

Private  education 

Professional  service 

Personal  service 

Domestic  service 

Recreation  and  amusement. 

Miscellaneous  service 

Minerals  (wage-earners  only): 

Petroleum. ,- 

Nonmetallic 

Bituminous  coal 

Anthracite 

Iron  ore 

Other  metallic 

Bulk  distribution: 

Wholesale  trade 

Business  service... 

Retail  trade 

Construction •. 

Miscellaneous  industries 

Nonwage  earners: 

Manufacturing 

Mining,. 

Agriculture 


1919 


1,620 

968 

732 

236 

274 

/6 

108 

63 

2,135 


633 

831 
135 
852 
1,049 
1,708 
142 
140 

124 

548 

148 

.     138 


1,468 
148 

3,897 
904 

1,859 

1,500 

88 

10, 338 


1920 


809 
985 
782 
246 
298 

77 
119 

57 
2,268 


712 

854 
145 
839 
1,042 
1, 706 
174 
168 

146 

94 

631 

140 

136 


1,524 
148 
4,300 
1,029 
1,921 

1,490 

102 

10,374 


748 
959 
793 
262 
286 

73 
123 

54 
1.865 


627 

895 
154 
856 
1,056 
1,742 
177 
180 

106 

74 

440 

161 

73 


1,287 
130 

4,064 
932 

1,978 

1,179 

71 

10,  264 


692 
972 
764 
250 
305 

70 
136 

.69 
1,820 


658 

929 
163 
902 
1,  127 
1,841 
1.57 
193 

128 
85 

432 
97 

98 


1,308 
136 
4,328 
1,198 
2,001 

1,246 

80 

10,  209 


502 

1,018 

S19 

256 

333 

74 

178 

66 

2,060 


661 

955 
171 
967 
1,198 
1, 954 
184 
212 

130 
104 
563 
161 

124 


1,442 
160 
4,  505 
1,395 
2,064 

1,394 

96 

10,  142 


605 

1, 081 

877 

264 

340 

76 

192 

69 

1,952 


642 

986 

178 

1,017 

1,221 

2,003 

188 

234 

117 
103 
461 
160 

122 


1,454 
180 
4,767 
1,409 
2,078 

1,372 

90 

10, 030 


563 

1,086 

904 

271 

362 

82 

198 

71 

1,944 


621 

1,028 

183 

1,032 

1,266 

2,059 

181 

255 

132 
104 
495 
103 


1,490 
196 
4,895 
1.398 
2,148 

1,377 

93 

10, 040 


1926 


650 

1,124 

982 

275 

360 

86 

225 

73 

1,982 


630 

1,065 

191 

1,095 

1,366 

2,130 

208 

273 

160 
104 
646 
155 

126 


1,485 
215 
5,089 
1,  .528 
2,203 

1,440 

105 

9, 965 


549 

1,100 

1,061 

277 

367 

83 

235 

75 

1,932 


612 

1,092 

200 

1,125 

1,426 

2,176 

232 

286 

139 
103 
4,82 
159 

115 


1,572 
219 
6,196 
1,460 
2,266 

1,477 

99 

9,921 


1928 


560 

1,210 

1,  113 

279 

383 

86 

251 

72 

1,843 


1,  116 

205 

1,188 

1,463 

2,184 
245 
297 

108 
100 
446 
152 


1,602 
230 
5,210 
1,542 
2,404 

1,496 

90 

9,919 


1929 


590 

1,  237 
1,185 

2,82 
427 

96 
272 

65 

1,846 

741 

690 

1,134 

207 

1,248 

1,017 

2,  257 
247 
311 

140 

96 

460 

147 


1,671 
260 
6, 468 
1,  .543 
2,390 

1,629 

104 

9,888 


1930 


590 

1,278 

1,160 

283 

419 

94 

280 

60 

1,  6,59 

749 

567 

1,161 

208 

1,279 

1,571 

2,108 

246 

309 

119 
81 
430 
137 

106 

1,681 
254 
5,332 
1,381 
2,381 

1,615 

104 

9,750 


1931 


599 

1,251 

1.095 

282 

369 

81 

260 

53 

1, 406 

722 

494 

1, 164 

209 

1,  27S 

1,450 

1,  8S8 

214 

292 

82 
65 
383 
118 

81 

1,408 
234 

4,  966 
996 

2,287 

1,426 

89 

9,719 


1932 


587 

1,237 

1,044 

278 

334 

68 

226 

45 

1, 1.55 

677 

435 

1,  168 

207 

1,  260 

1,  290 

1,  621 

1.S2 

273 

76 

47 

310 

92 

53 

1,262 
208 

4,532 
740 

2,071 

1,208 

74 

9,612 


1933 


586 

1,187 

996 

270 

308 

60 

214 

48 

1,084 

667 

419 

1, 155 

204 

1,2<>3 

1,249 

1,540 

188 

271 

90 

43 

312 

76 


1,225 
209 

4,627 
672 

2,077 

1, 136 

77 
9,875 


1934   1935 


677 

1,208 

1,041 

2tM 

299 

72 

228 

60 

1,123 

708 

441 

1,153 

203 

1,292 

1,406 

1,740 

212 

304 

113 
47 

355 
87 


1,328 
237 

4,859 
709 

2,092 

1,283 

85 

9,875 


790 

1,241 

1, 097 

260 

292 

70 

230 

51 

1,113 

765 

447 

1,152 

207 

1,337 

1,488 

1,823 

232 

324 

109 
44 

353 
78 

80 


1,350 
252 

4,970 
719 

2,030 

1,305 

81 

9,925 


1936 


900 

1,293 

1,123 

267 

300 

74 

246 

54 

1,200 

834 

470 

1,168 

210 

1,372 

1,554 

1,954 

252 

334 

106 
48 

364 
74 


L536 

262 
5,208 

820 
2,122 

1,387 

83 

10,126 


Source:  U.  S.  Department  of  Commerce  data  and  unpublished  material  of  the  National  Bureau  of  Economic  Research. 
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